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(57) Abstract 

A nitride semiconductor device such as a light emitting device in which an active layer is formed between an n-type semiconductor 
region consisting of one or more nitride semiconductor layers and a p-type semiconductor region consisting of one or more nitride 
semiconductor layers, characterized in that at least one of the nitride semiconductor layers of the p-type semiconductor region or the n-type 
semiconductor region is a super-lattice layer consisting of layer-built 1st layers and 2nd layers made of nitride semiconductors whose 
compositions are different from each other. By the above mentioned construction, the operating current and operating voltage of the device 
are lower and the efficiency of the device is improved- 
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I n G a N(SM^©teK*-^ftk©A IGaNOck^^^JlAl ^^trM-ft*!^^^ 
i*{Iit'<Tai^>*^l>OT\ I nG aN^^iS'i^mt't^t^ w.miyfz^mit 
^^^mWMiz ^7 ^ y^t<AOiZ< <ti^o mzA 1 G & N (D J: o i-£m.it<&i 
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Jei±x 2t:^Jte?^B 1 ©M'fbtl^^fs^^? (LED^^) 

«fi5cUTl.^^©-C. MpMi^5>y FM5^@i6TiS!StiT:CT't^ ^LED 
^?®IIl:^Iaimff V f < T-t So 

•i-fzio-^. 'mm. (i?L) *-^aA^n8pffiij=i >^i^ hS6 i nx 

G a ,-xNJ:»5 Tonsil 1 ©Six A 1 yG a i -yN J; <5 tj: -SH 2 OS <i:*-5« 
S$n^pM©mt&?ji<i:f Sd <h t>-e^'So pM^iViJ'i^ hJi6^e*S 

i^^m^^ K4^> -y :/iTWU^-*'?/jN^t,N I nxG a ,-xN% L< JiG a 

N ^ «9 ^j: s m 1 o 1 {c u T p «@ i ^M-r -1. a <i: f S d i *W t 

ib\zi^^-r^m^\u ^pMS'^l:i^^*»^*ji^@t§^®-c:gl5£bT^cJ:c^o 
mtv>Mn.m^mm%.^2 5 i(cpgt>-r. n#mfflij©^^i*^j^2 010 
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OTO J; 9 T'i: H E M T (High-Electron-Mobility-Transistor) XZm 

•y7'®:*C#l^ml (^2 0«) /<> K^1' 'y 7°*^/j^$^,^T:/ F- 
{ Cundope) ; JSiTs F-7°$nTt,^/J:l^Jytl|^T > Y--Zft 
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IL 



I) F^i- y^^^J\^¥-:fy^i^^l^A 1 G a N-C;^^$tl^o A 1 G 
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^t^^n.^i}^ F--:^$tLTi^^<j: <X^Xi^o zo^n,(&sib< V-z^^tif£ 

mo^mW^i$.2 0 2 (ni|ij=i ^ hJl 1 2. 5 i^^jhji i 3 ^ n 
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i^mm. 2 5 2 + -y -rm 1 7 . p ffiij^t^'-r K® l S ^ pM^^ y KS 1 

So 

cc-e. *IIJfe?&^2©Mjl:«^^^{^^^{i, n#mtJ©^^^2^fI^2 
0 2{w*j{:^Sn#J^-7 -y 1 4*j®tS^ji-e?Bg5cL. *^op^mffi!l©^ 
2 5 2 5 p iliji^ 5 y Kg 1 9 ^^fe^ST-f^fife-r S zt\r: 

Tl^-5o Je(TC©1112*#ML-r:*^H^{i^;S^Sfe5^gg2©M^ttl¥*(* 
CO^^feJB.^2©^'fl:^^^^^^:^^Cfcl^T{ix ^-r\ S^10±('^<'y 

5 -y FS 1 4S.^>'n«;^-'f F« 1 5 J&'saa^nT. n^m^|lJ®^^^^:^ 
i0i,2 0 2i}m^^ti^o >y i^BSjhjil 3®MiJ{c^fcH^n/:nM 

hMl 2 ©S®{C(i^n-en> nffiijn >^ FS 1 2 i^- 5 -y 
^fti^ S n 2 3 ^ Sn{Rijm©2 SJitrti. ^Jx.lf. 7 

tt« 1 6 ±{i. ^ -I- y 7"® 1 7 . p mtftij'-^ F® 1 8 > p #J ^ 5 -y KM 1 
9 3fe<:Kp{|iJ=i>^:^ h®2 0 tlT p *m<BiJ®^^i<*:^I® 2 5 2;&^ 

J^^^n^o ^h>iz^ pffliJn^iJ'i^ h®2 0±{r^p{|ij=j>^i> hfl2 0 

t^f- ^ -y i^^l^M-rS pffliJlt®2 i^p<|ijm@2 l±{Iii. 

m^l-i. '7'l'-^-^">7^^ ^^''fflOpdJ/N'.y Fm@*<?^^$nSo ^i:*5x 
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8•t^7 T-rT> ^0f&. 7.fcf^wu (MgAi 204) (D ^ ^ fimm^comm 

Oftfe. S i C (6H. 4H. 3 C^^tr) s ZnS> ZnO> GaAs. 
^<yyrmi Hi. m^l-£A IN. G a N. A 1 GaN. I n G a 

Cm2C0y<yy tMI 1 2) 

7 rll 1 2{i«^J^{^ I nxA 1 yG a ,-x-yN (O^X. O^Y, X + Y 
^1) X-mi^X^. ^(Dm.f^li^lZ?^Z> ^(D-Clttilyij^ $ftb<(iT> 
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1 2=^T> K-^OG a NTJgfi£-rsc i (let :S %*i^te;i><Hl^m 2 
7 T® 1 1 2^mmX'^^o CCDnM^i ^ hill 2 (iiS 

MT'S»'5o co^J6n#J/<.y :7 r® 1 1 2^JBfi£^;S C i^/i < nM^ >^ 
•^•^^z. tt'^-V^fiK^o itfe-pT. ccD^20^<'y 7 Til 1 1 2 (i. ^{c-r 

C©m2®><«y7r@l 1 2©MI?{1, 0. l;amiii±. ^-^Hif^L 
^di^^Mt bl^o Il2©^<'y 7r® 1 12*^0. l;tzmj;'9=^ill><!:. 
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ilili 



\S}i)<^fO^<yy rMtl^XCO'i&Wlib-^&T-r^o ie. fz% 2(0 y< -y r Ml 1 
(nffliJ=J>^^ hSl 2) 

n#j=i 1 2 itn.m^^jfm-t ^ =1 > ^ ^ hmtLxr^m-t^ 

mxioO. m^it> Si F-:r©G aN*^^/j:^9 0. 2/^m2l±. 4 fim 

^^ii^©fEffl{l 1 X 1 0 ^'/cm^— 1 X 1 0 2i/cin3©iEH, ^ b 
<{i. 1 X 1 0» Vcib3-1 X 1 0' Vcni3{l|^^t-^:i<i::6-*M^ bl^o 1 

1 O^'/cm^J^O ^±^l^t. -i>m^iS£*<^ < n£ofc«9. ^ 
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- X ^j/ rJ'*-^?! t^ti-S nm@2 3 0*^*4<t L/TtiA 1 , T i . W. Si. Z 
n, Sn. I n^©^M^U< t.tl-5o 

So 

^•5 ^W±m 1 3 (i> ^J;tl^> S i ^5 X 1 0 '^'/cm^ k-^^l./^ j 
no.iG a o.9N*>^>ni: ^J;^I^^ 5 0 0>f V:/^ h n — AOH/yj^Wf 
.So >y ^W±m 1 3 (A I n^^trnMOM'fbil^?!^*^^^ L< 

I nG aN^^M:-^-itxm^-r^Z tiZ^O. ^©±{I?g^$n5 A 1 
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nffl!l^5 F®{ix M^f^.S i ^5 X 1 0 '^/cm^ F-yU/^nMA 1 o 
m2©«<t*-«^i:fz«S$n^jS*S?SJ;0ni:«5> ±WX'm^liO. 5n 

A I ^^tfS^ti^^^i*:. if ^ L < liA 1 G a N ^fifcg $ ii- Z i^^M^ 
1 0 0:tyi7'xh^-Al^±, 2/LLmSlT. ^ ^CJf ^ L < (1 5 0 

(n«7yV K® 1 5) 

n«;^--r KSl 5(i. m:^it^ S i 5 x 1 O'Vcm^ K-T'L/cnM 
G a N *^ ^>/j: , 0. 1 jamcDMff^W-T'So C CD n M^t -T KM 6 . 
SttS©:7t7!7-'-1' KMiUTfPfflU. GaN. I n G a N^^S$-li-T?B6^ 

U< (i2 0 04->rx ho-A—i /imOJliy-e^g$-ti:;So ^i:*?> CO 
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h'm 15 It. T> F-y(Dmit<^^mi^m^^ u < tir > k- ^^oM-fk*^ 

(SfeM 16) 

still 6{i. ■e^Jx.l^> S i ^8x 1 O^Vcm^T K-yb^ I no-zG 
a o.sN J: 2 5 :t h d- A©Mff^W-r'S#^S <i:> Si 

^8x1 O'Vcm^ K-7"b^ I no.osl G a o . ssNck ^9 /i: <9 . 5 0^>r 

l^l5<^W-r^^fi«^#^^si (MQW) -e:^fife-r;So SteS16{r*^t^ 

mom^ltl 5 O^Vi^'x ho-AEiT. ift U< iil 0 0;r>^^'x hn 

9- 1 4 8 6 7 S-l-^^ C^mmmmO 8^1 4 3. 7 2 9{i. ^r?fl^ 
9 - 1 4 8 6 7 8-^-^Siaii UTdiilUy^t)©Tfe'5o ) {ciJ^,^T5§^U 
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(pffilj^i' •yT'Sl 7) 

^Jx.{f. Mg^l X 1 O^VcmS K-y L/^pMA 1 o sG ao.7 

*-<0. 2J£l±©A 1 yG a,-YNT$)n{^ 5 0 0:t:^^''X hn-AiilTtwIS 
^•r-SC i:*^M^ L/C^o p {10 ^ + >y y ji 1 7 ©!1]¥©T!SI^#CIS^ b/j: 

(p^RijTt:^^ K® 1 8) 
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J; 0 t>/h$i>^ m^ii^. Mg^l X 1 O^Vcm^ h'--:fLfzT)mG aNJ:t) 
6 0:)t:^'-r KHi: UTftffl n{|ij7fe:^V KS 1 5 iil b < G a N. In 
Vmi 9^^^^it^m(Dy<yy TMt Lx^i^mV^ 1 0 O^^^/x h 

m^=^mtir;hzt^x^^o m^=Fmt-r^m^izitmi(^m:sLum2 

p{RiJ:J^^ KMl M g ^ 1 x 1 0 ^ VcmS F-:?" U/c pM 

A 1 o.2Gao.8Nck«3 7U:<9^ •^Jx.(^x 2 0:t>^X h u — AcomW'^'^-t 
'SmiOMi. M;t{^Mg^l x l 0 ^Vcm^ F-ru/cpMG aNJ:^?^: 

i^nc So - © p fflij^ 5 -y F® 1 9 ii, n ^ .y FJi 1 4 tWl 

^to®Ji<!: LTfPffl-rSo ::©p#J^^'y F® l 9 cDi^iI^#CIJg^L/nj: 

(p#]=i >^ hjl2 0) 
pffliJ=J>^^ hji2 Oti. pffiiJi^-5 -y F«l 9©±{r. f)J;i{f. Mg^ 
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aiyGei-x-yN (o^x. o^Yx x + y^i) -effi^-r c i ^ . 
s c cfc*<T^'S/ci6. mmx'CDmm. mzib<iS:.T-t^^ ttznm 

l©®i:m2®Mi:^«MU. ^ 1 +m 2 +m 1 +m 2 + • • - tK^o ^ 

p«#2 1 ®^^JH4ci: LTti. ^J;t{fN i , P N i /Au^^^ff 
tfz^ :^nW.mM2Tlt^ m 2 iZTjk-r ^ o iz n mm 2 1 nS:g2 3 

j^^-^ti. z.<Dmmm2 5 {::jB^$ti/cg^nsi5^^LTp«@2 1 tmm 

mm2 4*<?^^$tLao cop/N°.y Km^2 2 {illKfi^^j:p«@2 1 
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M^5-y Kill 9 ^^iX-Tl^-So dtHrjirjTx ■:^mMmm 2 (Dmit^^ 

^ P {||J =J > ^ ^ hji2 0 <!: L/T. ^omW^b 0 0:^>^"X h a- 

ii-Slufw^ :3l2^D^<'y "7 rJi 1 1 2^#^Tl^'S©T\ m2 0^<'y :7 t« 
1 1 2 0_t(Cfi£S$-y:-5S'fti^^^(*^©^i^tt;SrM<T'^. g^^®^ 

ncfc, *IISg?^.1l2®LDm^Tli I n G a N©J; -9^^:. :a>^j: < <i:=fe>-r 

-xN<i:> A 1 vG a i-YN<i:;6-?3cS{caM$n/cjStS?®<|-. ^tt® 16^ 
^IS^'Sil (n#Jj?^^y Kii 1 4Sc;^pffiiJr^ 5 -y KM 1 9) <i:UTfflC^;S 

m^m^^iK^ <V^^fzit>^ ^iS^^S^U-if^^ 
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SpM^^-y Kill 9^ISt:fSCili#^^{z^f^ bC^o P"(|IJ^ + -y 

S o 

n#m<|iJ©^*f*^^2 0 2{liJ>ni:< <tfc 1 jiWUTl^tLl^a<. ^^p 

Mom^=^m 1 6 t^^±(DpmMm(D^m^m^-2 5 2 {w^i^/j: < 

{lU. f>JiS^*S^®{lp^m#JO¥^i*:M^2 5 2 iz^^-t ^m^lt^ ^ 
y T^DiAfeMi LT©pil!l^^ .y Fill 9{'?^SJcU. n^m#J©^^(* 
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hS 1 2. y T^b^i6i UTOn i?- 5 >y KM 1 4 <i: L 

l^xmW^l^tzmf^^ (*Sl5®) fcS i 0 2<i:T i 0 2.t 0 -Siim^^^W 
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^7. Xt°T>;K S i Cs S i > Ga A Z nOm(Oi^n^Kifl^^W. 
MSSSIi. m 3 {c^-r J; -p {i. G a NS^K 10 0 ^J^^ bX 



1 4li> •^J;t{:^MJS4 O^^^^";^ h o-AOS i F-ynMA 1 



0 - 2 



-7* (undope) G a Nil 2 ©M-fktl^^^^ji) 1 0 0 1 

nil!l:J'5-y KM 14 (is ?§tie*^^^n^{ig^c?^^LT^^-5o 

1 5 nm!7 3 'v KS 1 4 y^ttg 1 6 tomiz^^K) . nMi^^y 
Kll 40A 1 o.2Gao.8N^*9 fe/h$l^/<> F4^+ ^a^^-wl/^^— 

Jei±© n #J/< .y 7 T S 1 1 > nm^^ y KS 1 4 RZJ^n M^tf^ FS 1 



5 JIJ: T n 



1 6(i> 



3 0:t>^X Fn-A© I no.zGao.sNit)?^:^*^ 
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^ ho- AO I no.osG ao.95N<J:<9nC'5|^MJi2Sci:/&^*^i:{C-^lt5ji 

g F-T'pMA 1 o.sG a o.7N<t »3 7^j:^ pi|ij4-i' :7'S^^^o ^opffii 

p#Jr^5 y KMl 9©^<>' K4=^> *y 7'3l;fs;^4i'-©/J^$t^:^©g-^[:ig5^^ 

ISti. P«!li>5 «y 1 9 <!:. ySttS 1 6 <i:©PH^{r ^ <9 ^ pffl!l:?^«y 
KS 1 9 © A 1 0 .2G a o.aN^i: 0 fe/J^$t^^<> -y ■t'ji^wI/^^-^W 

A©Mg F--7°paA 1 0.2G ao.8N<tMli:4 O^T^^X hci-A©T> 
F-:/ (undope) G a N® <b*^3^S{l 1 0 OSftM^nT/i^jg^S^^glit 
©Piliji?^ -y FS^^-To 

2 0 {is pfflij^^-y FSl 9 ©A 1 0.2G a o.sNct fc/h^C^/^^ F4=^> 

Vm^TTs-to i^±(D p fij^ y 1 7 > p m^if-< FM 1 8 . p 5 >y 
Vmi 9 lSLU^Dm^>:$' ^ K®20{wJ;oTp #mfiij©^#(*0^ 2 5 3 

C©.t -5 {i:$:^Bj©||jfejg^3cDU--tf^^{i, G a NS® 1 0 0 ©± 

iz±mco^mit^^mi^m 1 1 . i 4 2 o $ titzm^^^^ bxa 

t). pm^y y Fll 9*^t>±©g'^^:^l^3^^^*:g{r*^l^Tx h^-r-/'J -y 

v'^-^ff^fiJt^tL. U «y >^«^®C^><5p<|lJ=j>^^ hg2 0©;i:i3f^®{Cp 



47 



wo 98/31055 



PCT/JP98/00025 



y^mt\^Xv^^-j Fm@2 2 tn/N'-y KmM2 4*^1^1 j-t>tlTC>^o 
(OXVt-tlx.^^ IDItC 'SteWiG aNS® 1 0 0 c!:cr>rBl{CS)'5^'ftW^ 

3 O U— If ^^-eii. El 3 1 6 
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u-A(Dmmizmm-r^o i o o^r^rrx ha-^j;*? mico 

(}>tl< t ^ A \ ^^Vm^m^mt^. ff^L<«AlxGa,-xN (0<X 

l^l)©*^^i^>tlSs A 1 yG a,-yN (0^Y< 1, X>Y). I nzG ai-2 
N (0^Z<1) ©et -5^): 2 7c;Sl,. 3 7czl^£DM>fl:ig5^^f*-C-J^fiS:-r'So 

*^B^-e(i> I n^^^/j:iAA l xGa,-xN (0 

<X< 1) <t U ^2©M^I:tI^^i*{iA l ^^t7!xt^ I nzG a,-zN (0 
^Z<1) <i:-r^:: c!:*'^^ ^>{I$f^ L.< . *-e t^^^fr^tl/ii^t^^^ 

<i:C^9.■^:*^t»l^9 (t. ^1 OM-fb^^^-^i^i LTA 1 Mb^J± (YM) 
0. 3BiT©A 1 xG ai-xN (0<X^0. 3) ^2 OM-fkigj?^ 

t/r^ AixGai-xN (o<x<i) ^m^^^xmKDm.it^^m^^'m 

S8it_hMnf::fiJ;^^Wr^o -T^ji^b*). WM^Pm^aeJcgiS (MOVPE 
; metal organic vapor phase epitaxy) m:^AlxGai-xN (0<X 
<1) ilS-CKG a N«®JggJ^{I*>C^T{i^ (/^"moM t>|ni 2^fflM43 
■efi£S$-e-5Zc!::*-<T-^^o i^feoT. ^ r i/j: < A 1 xGa, 
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-xN (0<X<1) ®<hGaNM<i:<lr3Si:(wgJcS$-yr;SZ<i:{l<k*9jS^S^ 

1 M^Bit(D0'Ci>-m^^m t Lx w^^^mmiiiTcommx^^^-^xi^ 

^<DX^^ y ^i)<\i:)iZ< :m{wJ;oT. *^BjT"{i. AIM 

ii>^^eoMi,^i^ 3 y h'M^m^-t^:! tij^'sjmttiio^ u-if^^{ri^l^ 

LED^^{I^J(,^T{i. Vf (Ili^lDjmEE) ^&T^it^Zti}-^X 
S 1 4 1 ©M-fti^^^i^M ctm 2 ©M^h«^^#($:® ton 

izi)'^x'^^o :^tnii^mmmm<Dm^m%m^i^mfpiz:^^^-^?>z ttz 
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1 G a NSiG a NjifcM g K-TT^U/ci^^. A 1 G a NlTIi 
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>^^:^li^^C^o ^\^l:£Mg^l x l O ^'/cms K-7°L/Tt)G aN-C(il x 
1 0 ' y cm^mmo ^ ^ T mm-V ^ ^ CD IZti ^ a l G aNt^ttl X 1 

^^OT-^-So L/;6^^>jg*S?<fc LTl^^/■c^l6. h U T(l 

^^t^^^^Oii>7:^:l^A 1 G aNjl^^fij-r^^to. UTIiA 1 G aN 
ji^I:iol^T^^^|^^©j^#^^a<i:^i:^{:j-r^r^l&T'#. ;&>oA 1 GaNS 

6^ T -5 o ^cC C © UfeBj p MM #i ^ ?^fi£-r ^ FIJ C o (, ^ T gfe Bg L 

(i. 1 X 1 0' Vcm^-l X 1 0 2°/cni\ ^ U < (i 1 x 1 0 ' 
cin«~5 X 1 0 ' Vcffi^ofaHtCl^^-r'So 1x1 C/cmSJ: V) ^(pi^^i.^ 
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n 2 (omit^^^mi^mcD n m^^mmmi^< i x i o * ^ycm^&.T-v^tut^ 
o^(DmmmmmuBm. uBrnTtf^^m^b. l< its i . ce. 

3. ll4 0M'fb«^¥^*2^ji©MJi:t>> ni|iJ:J^^ y Kill 4 <t|nID< > 10 

u< iii 0 — 4 o^>i>'x h p-A©ii/5{c^s-r^o loiiic. 

AlxGai-xN (0<X^1) ^6!(:S^-lir^C<i:*^M^ L < . mAom^t 
m^mmt^-^\^< J^A l vOai-YN (0^Y< X>Y) . I nzOa 
i-zN (O^Z^l) (Oi:ofi2 5tm,¥B. 3 7bm.^m(Om.it^^m^^lSL^ 

pfflij^5-y Kill 9^m^=^-mm.t-t^t^ js*s?:^it*^u-if^^{z 

^ fpffl ii. n m ^ 5 -v K® 1 4 ©f-^ffi <i: il DT ^> -5 ^ C n jl#J 
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l^-S (#fFm2 5 4 0 7 9 l-t) o U*^L/pM*■«^ib>tl^<^:l^oTfe-€•© 

*MSfe?^^3-e{s. DM^'yy h'mi 9 corns (Dmit^k^m^mtm 4 

^^<i:^3oM'fb#i^^^*S©pM^^«g!i'SJg^/jN$ < bT> F4=> -y 

— 1 X 1 0 2^/cin\ $ t>Cif^ L< Jil X 1 0 ^«/cid3~5 x 1 0'"/cm 
3©|EHH^S-r'So 1 X 1 0 * Vcm^J; <9 :fc/i>ni:l^«i:. ^4 O^jtW* 



54 



wo 98/31055 



PCT/JP98/0002S 



^»6i^<b LTliMg. Zn. Ca. B e ^O^^it^MIIA;^. IIB:^7C 

S i ^ h'-yVtzA 1 G aNgi. TV K-7°®G a NSifiS^S^^^ 
J^ESU^Ji^^ A 1 G a NSti S i ^ K — :/ bTl^-SOT' K:^ — <t Lxm 
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a NMiziSi^^^^^MMir^m^li^ A 1 G a N®c}3©G a Nji{li£g-r 
^UirtlZ.^^nW^W^^ Cl S i) CDifegL^^£i>J^j: <h 

t:f^o J; 9 CA 1 G a Njllcfcl^^Tx GaNMi-iflc^T^ 

n ^ «y KS 1 4 s p ^ KS 1 9 ^m^^Mtir^ z t 
TOnl!l/<.y 7t»1 Is n«iJ:7fe;^->r Kii 1 5. P {I'J^ -^^ -y 1 7 . p 

{r. e*&?^®*^^>ncS n#J^ ^ .y F® 1 4 iStt® 1 6 tcDTSK, 



56 



wo 98/31055 PCT/JP98/00025 

HJ(w:fet/^T. ni|ij:)1c;^7V FSl 5©^MME^{il x 1 O'Vcm^iiiTT 

U<. 1 X 1 0^ VciDSEiTT*^w<t*-<$^{r0t b<s 
T^F-T'T^^Ci^-^ft^i^^ U^^o -©ndiJ^T^?^ Filii I n 

FMl 9 i^ttii 1 6 ioPa^C. ^Fi^ifii!^ ( - ©ii^ p M:?^|s6i^) 

:*^^BJ{c*5l^T^ pmitr^ h'mi 8(D^m^mmit^ ixio^Vcm^i^ 

^t. m-^ nm CO mm^^^-ti}\ t^^ma. :i©p{iii:^'-r fhi scorn 
t>-rpiiij7fe;^'-i' h'mt^^<o ^fz^ nmzis.^ prn'^t^mnj^ikcomib^^ti: 
Fst I n^^t^-m^m^^mt^. ttntc aNxm^-t^B z tijm . 

m^monyt'i&^itmn 3 e o~5 2 0 nmoigffl, ^x-t 3 8 0-4 5 
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"^■t^l^mO. 1 /^m£lT©^^bi^^^**:ck pM^i- 1 7 

J&^-^tLXisiO ^ -?:©piK'J^+ -y ^)i©^*tfii^mS*U X 1 0 • Vcm^HJ: 

i^Crg^ «?<l:jE?L<^:©MM^©5i^*^'W< nc-S/ctoJi^^g^^©!!! 
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* 

^ :^MMJ^M 3 © — if ^^T'll> n ffiij ^ ^ .y KS 1 4 Sii!/ p ^ 
^±OMMJBM 3 TJix n t!) ^ -y K» 1 4 S.D^' p #J ^ ^ -y F® 1 9 ^ 

ffliji>5-y Kjii 9®•?^.©^•e.•i*^-:^^Mt§^>^it^bT^>chc^o ;^_h 

MSSJ^^3T'(i. n#J^^ .y K/il 4S.O*p#Ii:7 5 y FS 1 9 ^ 
Bi^l^mittLfzi}\ :*:^H^(icn{C|St>-r\ n{iy:^5'y Fg 1 4SC5p 
m^vy FSl 9H^Opi|iJRUfn#J©M'fbtJ^Si*MOl^-m*^loJ2;l 

l^±<^^M^M3Xlt^ l^ — if^?^-fcO^Tnfi!l^ 5 -y Fg 1 4SLKp 
i|iJ:^-7-y Fill g^i^tS^aati :*:^HJ(i d tLlII® t.^"". ^T^rT 

-r^-F (LED) mcDmitm^miiimi'izmmx^^z.tm-^^ 
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{T : mit-^m (K) s To : (K) } „ L/-if^^T'{i. To*< 

z(^mmmm4coiy—fm'f-\z:is\i^^mit^ i^Tco^oizm^^ti^o 

Titers 0 2li^ ■^Jx.if^ 4 ximCDIi:$©G a N;i>^'^>/d: Ox ^Jx.(i*if7T 
'T T ct (9 /I S maS^ 3 0 l±\z^ GaN.i;*)/j:'520 0;t V^Tx h n- 

Vl^M:^ff'^fzib(DmtlyXmi^^o TmmS O 2{iGaNX{*A 1 ,G 
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OAl,Gai-,N (O^X^O. 5) ^^g$^i-^C,i:*^M*bl^o 0.5 

■rsci^N-M* Lt^o i^. mmmms o nt-^y r^roi^^ s i z 

1 0 fim^ m-^ 1 Mm©S i O2 mi}<2 ummmizm^-^ti^o i^. 

*^^tiJ UTl N -BSIS^^') J; <9 t>^SM 3 0 3 ©M«*^::^§ < ^ .fc 9 

Lc^o ^mm 3 0 3 <Dun t It. m^itrnfr^m (SiOx) .^-ft 

^-r^ (S i xNy) ^ Sg'fkf^^^ (T i O.) •.mti^Jl^z^-^M.U r Ox) 

^*©fijcs^tg6 0 or-i 1 0 ovcDM.miz^m^. ^ (omM\,zm\t^^ 

3 0 4) 

3 0 4{i. m^kt. T> K--rG aN*^i^^ii3 0 3 
i^^^{*S®3 0 4I*/N^'< KmffifiJcSiS (HVPE) ^ffll^T^:^$ii- 
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m^tm^^mi^mWHt I n> a l ^^^t^l^C a N^5£S$i±^ - 
(TEG) ^^DWrn^^'U '^7A^b^%^ffll^. ^^ai{iT:^^-T. ^U< 

( n fiiJ/< -y :7 T ® 3 1 1 =^ n M =3 > rJ' h Jl) 
n<IiJ/<-y :7 rSS 1 1 li. mitm^mW^US 0 4±iz^ m:^lt^ Si 

J-N 9 0 0°C^^;^T©(£^{r*Jl^T^ GaN. A 1 N^^. 0. h fxm\>lT 

C:?^ -y ^E&JhS3 1 2) 

y ^|5*±g3 1 2{ix ^J;t{in#J^<«y 7 tS3 1 1±C0. Ion 
mcD;?$C^S$n^ I n o.oeG a o.84Nck tl^A-So 
(ndiJr?^ .y KM 3 1 3=j®tS^S) 
nfiijj^5 -y KS3 1 3 lis fOX-li^ 2 5^>^X h o - AOl^Jii^W L 
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S i *n X 1 O'Vcm" K-^$tL/cnMA 1 o . i e G a o . 84N ct ^ 1 
3 1 3liA 1 ^i^mfiJc*^8. 0%T*>'5©-^, ^Ol^jytcD^JiG. 6 t 

/I'So ttz^ nffllJ:^ 5 «y KJiS 1 3 i bTx K4^-f T'i^;!/ 

^o®tc^< K-7°L/Ts F-■7°^^T•9 (tg|M^ig< 

jp: CD #Sffl (C o (, N T i± ^ f -5 o 

Cnm\yttr-( Fji3 i 4) 

fFfflU> GaN. I n G a N^fi£S$-ii-TJBs5c-r'S:: <i::6^M^ U<. il^ 
100^>^^xhn-A'-5;ain> $^,{iiff^ L< Ii2 0 0^>:5''>^ hn 

(SftS3 1 5) 

^^M3 1 5ii^ 4 0^>i?'X hD-A0MHOT> h'-zf 1 no.zG 
ao.sN J; *9/i:5#FMix 1 0 O^f^rTx hn-A©mJi:©T> K-^ 

I no .01 G a o.flsNck O^X-SI^MSi^^'^SSCffiS^nT^^i: Ox m^l-O^ 
MJ14 4 0:^^'^';:^ ho-AO^fia^#p^it (MQW) ^WT^o /^x 
St^Ji3 1 5 {i*:^jOJ:9 {wT> K— -/T' t> J: t,^ ^ n MT^^^S.^^ 

(p^iy^i' •y37'Ji3 16) 
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* 

MA 1 o.sG ao.7N^^Jx.l^3 0 0:t>irx h u-A<DmWi'C^M:^'itX 
(p<|iJ3fe;^">r KM 3 1 7) 

3 1 6i:<9 t>/h$C>. ^Jx.{fT> K--/G a N^O. 1 nmoy^W-X^S: 

KM3 1 4 iiinlD < G aN. I n G a NT'6£5$ii-'S :i <h*<M^ Ul^o 
(pdiJi^^ F®3 1 8) 

*^oMg*n X 1 O^Vcm^ K-y$n^cpMA 1 o . i e G a o . 84NJ: 0 -5 
^30®t. 2 5:r>^'X ho-A©MJf^WUT> F--7°G aNct <9/j: 

nc-So C©p{aiJ^^ FS3 1 8 t)A 1 CD^i^^^i)^ ^ %x- lib ^ (DX\ m 
W-t(om\tA, Sct^A^o ^Afc. pM^5 >y FM3 1 8 t^i^^nc < i^-:^! 

:^©Slc^< F-^UT. ^<^t>^^^^ll F-7°^fT-5 ilSffi^fiT^ 
•li- ^ Z i *-<T- -S o i^s *p#J^^y FS318 
l^ff © 1^ iffl o C ^ T ^iZE -r o 

-i^o ='TgU^<i:(i. n{Sij^:^*-r FM3 1 4. 3 1 5. pM^^-y 
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« 

(DUt.V\.^W--^tLX\U 2 0 0:t>irx h n-A^2i±, 1. 0 /imeiT> 
^ t>CM^ U< {S5 0 O^v^'x ho-A~0. 8 /^m. «t>M* L< (i 

CptJ=i>:J':? hS3 1 9) 

P^GaNJ;<9ni:(9. ^Jx.{^ 1 5 0 h n - AoMiSflJ^^-TSo 

P<aiJ='>^i5' h®3 1 9(i±^S©pMG a Nm^C=fe>. pM® I n,A 1 y 

pm^3 2 1 .y i:'gft4^?iSfci6{iMg^ K-:/L./r 

G a N <!: -r C i: ^ L/t^o 
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VrJ'^ h»3 1 8 <i:. p#J^5'y KJi3 1 7 i^J^ ^ >'/LTs 13 9 C 
Jt^l^H^^PfSJi. X h ^ ^ 3 0 3 ■t'^SP. S^O^x h 5 ^ tt":!^ 

U i^^(D-mMl^nm^<y :7 3 1 1 ©^S^^tB $-tir. ^tU^-l^^t n 
t!|/<.y:7r®3 1 1 CDmWiZ^n^'tlT i tA 1 cfc^/ii'SnSSS 2 2^ 

pffliJ^iViJ'^ hM3 1 90'; -y v^ftgffiJCN i i A u J; /j: 5 p 
m@3 2 O*'?^ h5-rrttt::?^gJc$ SI 9 {r:^^ct 9 pH^S 2 0 

*fe^M3 2 3<&j^gfeb. zommms 2 3^iO>LTp«@3 2 oimmfi^ 
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^m-t^nm^^ y vmz i sRc/pMi?^ kjis i 8(i-?-^^'ti. s 

-So 2|r^Ji?B^4 {r*Jt^T^ ^IS^ili locDScDi^IS^n 0 0:=i- 

^j^gfe^^o mwmm^t\^x\t^ m^itA i .gelxN (o<x<i) 

l^fzmi^^t^ m^ltA 1 ,G a ,-,N/G a A 1 xG a i-,N/A I y 
Gai-vN (0<Y<1, Y<X) . A lxGai-,N/I n.Gai-zN (0 
<Z<1) ^® 3-7EZS^ i 3 TCZl^. {i37nMa<i:27cZl^<i:0*a 

©it A 1 xG a i-xNiG a Nc^:*^^fj:;5^^!&^T•^>'So 

ii^c *^jfejBt|4(iij{:^-^ n{iij^ -5 »y Kits 1 3 ±wcomw.'BLrjm.-i& 

osG aosNix 2 5^>^X h n — A©G a N i:^2 0 O^T (1. 0 
jt/m) a® b/::®*!^®!!^^ 1 ^TOi^lp: 5 0 ^ Vr/X h n — a, A1 
^^t^SOA 1 MSJtd-^O. 5T'*^/:d6> ^OA 1 ^^t;»O}ii^Jt0. 
bizmmit (2 5/5 0) ^^bTtfiiO. 2 5^ffll>. -€-©lStl^©A 1 
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ttz^ mmi)mfi^m-^^ a i o sG a o.5n^4 o^^^^x ho-^i^ 

0. 5 (4 0/6 0) =0. S3 tf£fO<DX\ A 1 W-i^m.mt 3 3 . 3% 

if A 1 o.iGao.8N2 O^rv^'X hn-A, A 1 o . 2 G a o . sN 3 0 >^ 
Xhu-A(Dm^^. 0. 1 (20/5 0) +0. 2 (3 0/50) =0. 
1 6> fip-^l 6%^ A 1 ^l^m^i-rao ncfcJS-l^CDMtiA 1 GaN/G 
aN. A 1 GaN/A 1 G SiNlZ'D[.^l:mmhfz7b\ A 1 G a N/ I nG 

aN{I-^C^T^)lRIDmfcti:^5^^iSffl■r^ t>Oi:-r'So nfflij^5-y KJi 
©A 1 5p^Sag5c{i. S IMS (-{!5^'r;^>®a35-*fT^g) . :t-i^j^mo 

:^mmi^m 4 Xlt. n#Ji>5 KHS l 3 ©jS^^^^itli. &.±(DMtii 

5 KS3 1 3^(2^Olf:$^0. 5/im2J.±tL^ *>-p^© n#Ji> -5 -y K 
M3 1 3 lc#^n-5A 1 2fii^^^^W55-¥ (%) -e^L/;t^{w, n<l!l:^^.y 
K®^{*©l?$ (/^m) tA\W-mmj& (%) iCD«;&M. 4Jei±i:^j:'5 

cJ;9{:::^^LTt^'i.:: ch^^^i-T'So mi^i^;tn{f. :^mmmm4Xii. 
n#J^^ .y Kg3 1 3©^^;^©M/P<£-0. 5 ;wmJe(JbCI5^ L*^o^M^¥ 
{C±i5©c};^ C^dJ^tl'SM^^^ (%) T-^L/::A 1 

4. 4e^±fin5:^ct^C. e*S^ji;^;^^-^^:§S©Mff<tA 1 CD 
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IIIT* 



vm3 1 3±i^(Dm-^ Cum) tAiw-mm^ (%) tomnj^A. 4 

Tn#|^-5 -y Kg 3 1 Z±Wo:>m:WO±m\t^ *iim&£D® (i> 5 y ii'^^ 

M:W^\Z\t^ m^\-S.^ luie n {11 ^ -5 .y KMO:^{2^CDJi:$^ 0. 8A«mJg;l 
So C0i#^0«{i4. 4;i^±T-^>-So L< (in{|ij^5 >y K®0±{* 

^ y VMiZ^ttl^A 5%Kl±t-t^o CCDii^oail 

5. 4;ii±TfeSo 2i±(Dtiim{tnm^ y y VMS 1 3(Dmmt. ists? 

So A 1 xG a ,-,N{iA 1 < rSiCt^&t^, /<>K4^-^'-yr^ 

SJEgfi^fKiA 1 m^itXO±^l^^ m^lfO. 5&.±(DA 1 ,G a,-xN® 
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0. 5iii±©A 1 xG ai-xN^^, ii-C^Jx.(fi)[/zm©iiji:-e^S$ 

^ :i t itmmx' ^ ^ o 

i-rSi. m~mmi)<A l xG ai-xN©Eg^pi^^jy£(T<i:ncS©T\ ^ 

nc-^lf. p#J^-5«y n i> 5 FM<t|lIl;:^fiSoi-r^Cit>Rr#lT- 

^-So m p<RiJ^5 -y F«3 1 8^n(|iJi>-5 -y FS3 1 3 tmm<Dmm. 
tir^M-^-. T>M^3 V YM(OWM-^nim^ ^ -y F® J: *5 t>il< -t^^t 

liMI?^^ -Sis A 1 G aNSOtEiiM*^::^^ <.flh'm.^\z.^ 
K). A 1 G aNO!£in:fii*^:^# <^j:^i, Silfii*^*i5< /j:SMfS]{rfe5;&N^ 

^^xm^L. mmtAm^i^m.^t(Dm^4. 4i^±tLx^^ ^(dw- 

Unc^^7&^ 5 ^y FMi UTfPffl$-ti-§^j)6{C{i. 5 O^ViTX h D — A 
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pM^5 -y KJi^A 1 ^S-^trM'fki^^^^^^W^'Sjgt&^t-r'Sii^ ({B 

^fiJc-r -5 M-fki^^^^*® , n«ij^-^.y FSiiillltir, -^Jx.{^A 1 xG ai 
-xN (0 <X< 1) ^©A 1 xG a i..Nmtm.l^tm^£^^CDmit 

^^mi^mt^mmiyfzm^=pt a i xG a,-xN/G en. a i xG 

ai-xN/A 1 vG ai-yN (0<Y<1, Y<X) , Al,Gai-xN/I 
n,Gai-zN (0<Z<1) ^© 3 tezS^ <t 3 7cZl^> ^L<{i3 7cZg^ 
i:2 7C^^<i:©*a'?^^*>ii-e^*&^<i: -^(DrpX'^Mhtt^t. L< liA 1 
xG a ,-xNtG a Ni^^^T^jta^+STi-T'So 

immm i ] 
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>^-T (NHa) iTMG ( h U ^ 'J A) t^mi'K ^^10 

±izG a NJ: (D/<«y y tS 1 l^m2 0 0^>:/X ho -A© 

^<-y:7r® 1 l^S^. TMG<D^±J6T> 1 0 5 Or^T_h# 

$-li-'5o 1 0 5 O^CfC/j:-,/; iSID <I^JH47f7'X(lTMG. T^^^E-TiS 

i^t^T. 1 0 5 0°C-CTMG. T>^^T. f>5 (S 

i H4) S i ^ 1 X 1 0' Vcms K-^U/cnSG a Net <9 7^j:^ n 

ti^fCx xaS^S 0 C'CC L/T. 11JH^:^'X{CTMG. TM I (hU^^yb 
^>>''^7A) ^ T>=E—T^ '^Wkil7s\Z'y^:yn7.^m\i^^ S i^5x 
1 0^ Vcms K-:/Lfc I no.iGao.sNckO^A'S^v «y i^^E&iLM 13^ 

■^UTiaS^l 0 5 0°Cfr LT. TMA> TMG. T>^-^T. 
^'X<£rffll\ S i ^5 X 1 O^VcDjS K-yU/c nMA 1 0 . 2G a 0 . sNct 

^t^T. 1 0 5 0°CT'S i ^5 X 1 O'^/cm^ K-yU/^nMG aN i 
gJjtC, TMG. TMK T>^-T. >^fflC>T^14ji 1 6 ^5£:5 
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/ciD»T V-ybfz I n 0.2G a 0 -sN J: «9nC'5.#p]1^2 5;*->^X ha 
S i^SxlO^Vcin^K--:?'^/^! n 0 . 01 G a 0 . 9»N J: *9 S^M 

m (MQW) ©?g^Sl 6^^S^-y:-5o 

■ 

Xcm^ K--^L^pMAlo.sGao.7NcJ:*9''d:'5p + y '7°^ 17^3 

7ck*9 fe/J^$l^. Mg^l X 1 0 ^°Xcm^ F— -TL/^pMG aN 
P m^tr-( FS 1 8 ^ 0 . 1 fi m ©l^mT^g $ -ii: -S o 

^^l^T. TMA. TMG. T >^^T. C p 2Mg^ffll,^s 1 0 5 0 'C 
TMg^l X 1 O^Vcm^ F-:7°bfcpMA 1 o . 2G a o . eN cfc ^ -50 1 © 

Mg^l X 1 O^Vcm^ F-7"b7^pMG aNci: (9nj:'5B2 0M<&2 

*)>gL/. ^tJlHO. 4 ;um©jS*S^SJ;«9 7'i:S p«iJi>5 -y FS 1 9 

S^tc^ 1 05 0"CT\ pftiJ:^^ -v FSl 9©±{C> Mg^2 X 1 0^" 
/cm^ F-:/ b/: p MG aNci:t»^d:'5>pffliJ=J>^^ h®20^150^> 
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ai^L;t^a#fFm5, s o 6, 6 6 2-i-{rr?8^$n> ■:^mmmoT—-^j 

>^{C-:>t,^Tt^H#fF^5. 3 0 6.66 2•^(CF?S^$nfc::^}£^ffll^T 
R I E^gCJ:03ftJb/l©pi|iJn>iJ'^ hjl2 0 t^. pMi^^y h'Ml 9 

■5 o 

{i«;{lp#j3 M12 OOX h^-TT'U v'S^lDOtSl^r^ffifCN i 

tAu^0f^^pmm2 i^m^-r^o t i <tA i ^tof^^nmm 

2 5^/hLTp«@2 1 im^fi^tc^i^U/cp/N'-y K«@2 2. :8LV^n^<y 

jii±©j;'? {CUT. nmmtpm^t^m^Lfz^ ^-^^^mm^miz 
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Cittern 1 ) 

-y^. m2(Dy<yy rMl 1 2^^g$-tir-r\ $ ^> n ffiij =1 ^ hjf 
1 2^S i ^ 1 X 1 0' Vcms K-^U/cnMG a N^-TS >"m^5$-ti-, 
niij^5 Kill 4^S i X 1 0 ^^/cm^ K-:/b^nMA 1 0.2G a 
o.sN^— -CO. 4 ;t/mgjcS$i±x PM^^ y KM 1 9^Mg^ 1 x 1 0 
/dDn'-T-b/cpMAlo.zGao.eN^-TO. 4 /zmgfeS^-yr, 
pt|=i>^^ h®20^Mg^2xi O^VcmS F-^ t/c^— O pSG a 
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-'N y 7 T 



11---G aN 



200A 



n =3 ^ hM 


12- 


••S i 

S i 


K-T'nMGaN 
: IXIO^ Vcm^ 


5(tIB 


• 


13- 


••S i 

S i 


F— "i/nMI nO IGafl QN 
: 5X10» Vcm^ 


vUU A 


n ^ -5 >y YM 


14- 


••S i 

S i 


K-7*nMA 1 0.2G aO. 8N 
: 5x101 Vcms 


0. 5/<ni 




15- 


••S i 

S i 


K-ynMG aN 
.•SxiO^^/cmS 


0. Im 


SttM (MQf) 


16- 


••S i 


K-7°I nO. 2G aO. 8N 


25 a 






S i 
S i 


F-y I nO. OIG aO. 95N 
: SxiO^s/cmS 


50 A 



17- "Mg F-y p^A 1 0. IG aO. 9N 
Mg : ixiO^Vcm^ 



F. 



18 



• » • 



Mg F-ypMG aN 
Mg : lxl02o/cms 



P ^ -7 'V h*, 



19---Mg F-ypMA 1 0.2G a0.8N 

Mg : IxlO^VcmS 
20"-Mg F— •T'pMGaN 

M g : 2xi020/'cin3 



300A 



0. Im 



0. 5//1I1 



0. 2/jm 
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(Iili 



x-^m^mtmm^tifzi!}\ mmmmtg. ovje(±feo> i^55-T'tunT 
immm 2 3 

mmmUzisi^X^ ntJ=i>^:^ HMI 2^. S i ^2 X 1 0 ' Vcm^ K 
-•fiyfznMA 1 0.05 G a o.BsNcfc ©11^3 0;^ >'.;J^X h CJ- 

AOI^mTfiES^-lJ:. ^l^T. t:^ K-:7"cdG aNJ;<9ni:5>ll2©Jli£-3 

2 V »^ ^> 6 0 i^F^Ki±^^ LfCo 

mmm 4 ] 

^Jfe^^J 1 IzHsl^X^ M2cDy<y y rM 112<£-x Si^lxl 0 ' Vcm'' 
L/rG aNi UT. 4 nm^Mi^^^mt. ^MMl tmM<Dm^ 

[^jfe^j 5 ] 

^»Jl{wfcCNT^ n^lOn^rJ^^ hill 2^> S i ^2x 1 O'Vcm^K 
— ZfLfznmA lo.2Gao.8Nck(9/j:-5||l OS^6 0:^ h a-A 

i^C^Tx S i ^1 X 1 O^Vcm" K--7°LfcG a NJ;<9 
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i ^1 X 1 0 ' VciflS K-T'U^nMA 1 o . 2G a o . sN^— 0. 4 // 

^tbfztc^^ mmmmmms. 2kA/cni\ mmms.4. 8vt\ ^ 

^ t 3 0 B#F^ii(±^^ U:/::e 
[^Jfe«?lJ 6 ] 

(1) y tMI lltHM:'^. TUGCDi^±}sbX^ 1 0 5 0 
T'±#$i±5o 1 0 5 CCtcnCoTt b.. Il)!54 X {I T M A . TMG. T> 

'>5>^ffil>. S i ^1 X 1 O^Vcm^ K-y L/cnMA 1 0.2G 

h o-AOM)i:T'5£S$ii:^o ^ bTB 1 S + m 2 » + ^ 1 |i + 

m2m+ • • • <i:i^-5 ct9Cj®t&?ji^«ifijcL. -^n^nnK^m^b o 

(2) <^^(C> ^Jfe^^lJ 1 tmW' UT. S i ^5 X 1 0 ' Vcm' K-^L/r 
I no.iGao.9NcJ:'9/j:^:J7^'v:^ ES±M 1 3<£-5007i->'i/X ho-A 

LT. ia^^ 1 0 5 CCJr bT. TMA. TMG> TV^^T. 

S 1^5x1 O'Vcm^ K-yU/cnMA 1 0 . 2G a 0 . sN J: ^ /j: 
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2 0O]^Ji:<£-^Jfel?iJl cDck^ {w 1 5 0:t>^'x h o - A i -r -5 1/ -■ tf 
4. 8V-Cs 4 0 5 nm©3I^^S3{?^^i|g$:^^^ t> 3 0 BtP^Je^±^^ 

|>D-A;i;lT) . B (1 0:t>i>'X hn-A) ^ C (SO^V^Xha- 
A) , D (1 5 0:4->^'X hn-A, . E (5 0 0:^>^X h 

n-A) , F (0. 2;wm) , G (0. 5Aim) . H (0. 8 um) com 

p#J=i hB2 0©M)i:{i5 0 0^>^*^ hn-ABlTs ^ t> 
SI5©p{|iJ:J^5 'i/ Kll 9(DmmiJ^UlhUX < ^tzH)^ pm@0=i>^^ h 

Citmm 2 ) 

^1 ®^ES:OU'--!f^^{::*j(,NT. nffifji^^^y FMl 4^S i ^1 x l 
O'Vcm^ K-^b/cnMA 1 o zG a o . sN J: *3 5^ 1 1 8 
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mmm i ] 

UyrAlo.2Gao.8N> 6 0:t h D-Acfc Ot'a'S^I Ogi> Mg 

^1 X 1 O^Vcm^ K-:/L^pMGaN. 4 0 V^TX h a - A J; t) ^j: -5 

immm 8 ] 

7 {-*>t>-C> $ ^{Cni|iJ^7 5 >y KSl 4^S i ^1 X 1 0 ' Vcm' 
h'-yhtznmA 1 o.aGao.sN^ 6 0 > ^ X h u - 0 ^^^W 1 O 
mt. S i %1 X 1 O'Vcm^ K-:7°L^nMG aN. 40;^>^Xho- 
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ClxlO'Vcm^) F-ynMA 1 0.2G ao.sN j;0n»:'5mi©®<i:> 2 

?>^^mm-0. 4 /im(Dmt^=?-mi^tir:Bo $t>{wpi|iJ:J^5y FMl 9^2 
O^Vi^X hD-A©Mg (IxlO^VcmS) F-^pMA 1 0.2G ao.8 
N J: «9^J:-S^ 1 2 0 :t h n — A©Mg (ixlO^Vcm^) 

1 5 O^^rJ^'TL h D-AOMg (2xlO^Vcm3) F-^ p MG a N <*: U 
fztZ^^ mmmm^^mS. SkA/cm^x^ 4 O 5 nmOj^^^Sj&'^Si^. 

mmm 1 0 ] 

^JIS«?!I9 {w4o(,>T^ ndO^J'-^^y FM 1 4©j®t&^^mj3Jc-r^^2©ii<£-. 
S i ^1 x 1 O'Vcm^ F--rLfcG a Ni^^ffeii. 9 i:lH|)^© 1/ 

mmm 111 

IX 1 0' Vcms F-^b/cnM I n o . oi G a o . 99N if SffeJilnl^C LT 
U--tf^^<£-fF^-r^o -::> ^ *9 n ffiij ^ 5 -y FS 1 4 Oig*§^<£-«fi£-r 
20M(0%^^^1 nGaN<i:L/. HI ©S <i:ll 2 ©S <i:©^^%MS^|n| 
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immm 12] 

^Jfe^J 9 ^Ts nm^^y KM 1 4 ^mfiSt-'BII 1 CDS (S i : 1 
X 1 O'Vcm^ K-^A 1 0.2G a o.sN) (Dmm^ 6 0 ^ > ^ 7. ho-Ai 
U> m2(Dm=^S i ^1 X 1 O'VcmS K-^u^4 o^i-^i/X hd-A© 

G a N<i: ^Mff 0. 5 fim(Dm^l^Mitt-ir^o $ '^Jl p{K!l^ 5 F 
® 1 Q^mfiJc-rsmi ©Ji (Mg : 1 X 1 O^VcmS ^-^a 1 0.2G a cs 
N) Olll¥^6 0:t>irx hu — AtL^ f^.2(Dm (Mg : 1x10^"/ 
cn,3 K-T' : G aN) ©M;¥^4 0^>i^*X ho-AiU. Itl^lSO. 5 
;am©jS*S^^atch-r^o ^ nM^^ y KS 1 4*;^fiJc^Slll ©^ 

4 0 5 nm(Dmi^^Mtmm-^ti. mMMEEltd. 2V^ *^^>2 0BtfH^ 
[^»J133 

nmmi lizisi^^x^ nm^ ^ y vmi A^m^-r^mzcom (Ghn) 
mmm i 4 ] 

^WJll(l:fot>T. n^liji?^ .y K® 1 4^:Sfi£t"'5^2©« (GaN) 
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[ll*te^Ji5] 

^Ste^?lJ9 {':teC^T^ FS 1 4 ^ S i ^ 1 x 1 O'Vcm^ K-7° 

b^nMA 1 0.2G ao.sN^— T'O. 4 fim^JR-^-\t^mtmWziyXly 

.2G a o.sNi O^aS^I ®M> 2 0;^->:rx hn-Ai^ Mg^lxi 

*^ ^^Mff 0 . 4 Aim®jS*ST^igi: ^-^C p dfl =1 > h il 
2 0 ^^Si{?lJ 1 © J; 9 1 5 0^>:Xx hn-A<DMg (2x1 0 ^ Vcm^) 

k-7^pmg aNi u/c<fc c;!>s m < mmmm.mm 3 . 4kA/cm2-e. 
4 0 5 nm©s^^s*-<?t^.$n. BfM«j£ii5. 1 m^it 2 0 mm 

^■mmi stifct^T. pM^'py KMi 9 ^me)c•r'SjS^§?jl©MJi[<£• 
lll©ji (A 1 0.2G a osN) ^6 0:t>'^X Vu — I^tL^ ^20® (G 
aN) ^4 O^y^rx hn-AiUraSL. m^mmO. ofimt-t^m 

mmm iii 

^Jfe^J9 tcfclNTs pM^^ -y h'Ml 9^Mg^l X 1 0 ^Vcm^ K-:/ 
b:^pMA 1 0.2G a o.fiN^— T-0. 4 mEScS^-tt-SftfeJilnl^ltfC LT L/ 

1 4 0^<&^Jfe^J 1 0cfc9 CS i <&1 X 1 O'^/cm^ K-7°Ufcn^A 1 o 
. 2G ao-sNcki^^jr-S^l 0®> 2 O^^rTX h a — T^h'—ZfO 
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1 5 0;t>rx H D-AOMg (2xl02Vcin3) K-7°pMG a Ni b 

mmmisi 

m(Om (A 1 0.2G ao.sN) 0^>rJ7*X hD-Aib. ^2©®^ 
S i ^1 X 1 O^Vcm« K-T-b^ I no.01G ao.fi9N. 7 O^i-^X 

-j^tLxmmL. m.mmo. a 9 Azmir-r-sffeiiiufe^ji 7 cti^^mou 
izh-^tz-b^ i^b< 1 o^r^jei±©^^^w-r5 i/-if^^*^^i^tL^o 

[^Jfel?iJ 19] 

mMmii iz^^^^x^ nm^3-^ ymi A^m^-r:hm^=^mo:>mw-'^ 

micom (A 1 0.2G a o.sN) ^6 0:t>^Xh^ — 2^tL^ f^2(Dm (T 
>F--7*GaN) ^4 0:t>rx h n- LXaS ^MmO. 5 

it^xmmmmt<^=F±^-r^m^izh':,fzib<^ inib< i oi^raifiiji©^ 

mmm 2 0 ] 

nmmdKisi^x. iz n myttr km 1 5 <I:t> k-^og a Net 

<9'^j:^miOS. 2 0:t>i5''X ho-Ai:, 7> p_ycD I no.,G ao.o 
NJ: «9/<C'5m2 0®. 2 0 t^mmLXfi^m.mm8 00:^>i^Xhn- 

G a <9^j:^mi ©S. 20:t>:rxho-A«i:. TV K->^© I no. 
iGao.oNct 0^j:SB2©jls 2 0^:/rx h n-A i^ftS LT^j: Sii^ 
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ilili 



:^ ^J' hS2 0<£-^*fe^J 1 ©ck^tc 1 5 0^>^7. h n-AOMg (2x1 
C'Vcm^) K-yp^GaNiU^chC^v lfMm^j5£^Sr2. QkA/cm^ 
-Cs 4 0 5 nin©jg^^^^;i>-«iilf>$n^ l§fit^JEIi4. 4V^ ^#^6 0 

immm 211 

CTT. h a-AOMJ^-^jiJcS^-ti-^ ^!«;l^-CS i ^ 1 X 1 0 > Vcm^ K--/L/^ 

nMG aNi:*?nj:<S=r>:J'^ h®^5 /£ mCDmmT'gJcS I no. 

4G a o.eNci: (9 T^j: ^ i^ff 3 0:t h n — A M^^pi^iii: 

'5?gtt«4<&fi£S$-ti:So 
(pffiiMtS^ii) 

^Jfe^J 1 ctlnlitt- LT^ Mg<& 1 X 1 0 ^Vcrn^ K-^ U^-cpMA 
1 0.2G a o-sNck *5 7^j:'5Ml©ji<&2 0^>^'X h a — AOMi^TsJcS^ 

*9 5^ -5 p #J ^ y 5 $ ii- -5 o C O p #J ^ >y FJi 4 ©MH: 

i:fe{CZ©ptJ^ ^ y K® 5©±{;Mg^ 1 X 1 0 "Vcms K— T'U/^ipM 
GaNS^O. 5 //mOMJST^S^iirSo ^S^. 't^ a. -/n^StSCv^S 
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m3(Dm.m'^m.ih^-\t^o *_L®®p<iijzi>^i> Meoitf^^sjc^^ii: 

2 0 0:t>^7^ h o-A©N i - A u J; <9 nc -Sil^fettO pS^ 7 ^5^J|£ U 



ntl:3 ^rS' ^ h®®^®(r t>T i - A 1 J; 0 ''.C n 



LTLED^^i b^ch :i-5> I f 2 0 mA(IfeH^T 5 2 0 nmCDiffe 

V f {i3. IVXtb-^fZo C tLUjt^ p ^ y Kl 5 ^ 
— ©Mg F~7"A 1 0.2G ao.8NTa^Lf::LED^^©V f (i3. 4 

mmm2 21 

©i^IS^S O^^r/X hn-Ai m2©ji^Mg^l x 1 0 ^ Vcm^ 



0. 2 5 yCimoe*§^i:-r'5flk{i|5l!ft{lLTLED^^^f^fi£b^ 
mSfeM 2 3] 

1©S1 0 0^>^'X hn — A, m2©M*7 O^f ha-A© 



0;^ 2 5 umcom^^ t-r^m-i.mmi^ lyx LED 



<9 ^>2 0%Kl±m.tiXl^iZo 



immm 2 4 ] 
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mmm2 nzisi^x. nm^>:^^ hms^nscM:^^^^. si^2x 

1 0' Vcm^ K-T'L^nMA 1 0.2G a 0 . sN ^} 1 6 

^tl-E-'tLBlO®^5 0 0®. m2©ii^5 0 0 

LTLED^^<£-f^SS!L^chC5s 111 b < I f 2 OmA{C*?0^T. V 
f {i3. 1 VCiSTb. ^miSifffl±fife*{iJtg^Jti^bT2. .5^&;iUl^c^^] 

[|IJSf?iJ 2 5] 

lo.2Gao.8N) Ol^ff^e 0:t>'i>''X h n-Ai: %2(Dm<omW-^ 

4 0:=r>i5^x hD-Aibx. ^n-E-'n2 5S3S2{c«sbT. m^mo. 

{^3. 2 VT. #S»fflii£3fecD2^H±T'«,-,y;:o 

mmm 2 6] 

E!2 im^i:^ SSI 0 {CG a Nek iJ/i^BS® 1 0 l^ffll^T^^ 

-5 i C ;5> <i: . m2(Dy<^yy tEII 2^^M:-^^-riz^ nM^*tE%^ K- 
7^b/cm3 0/<.y7Tjll 1 3^^S$•y:Ti,^S<hc;5^wfe-5o ^©1^16 

^•Tif -7 T^'TS:K±{CMOVPE}£. ^b < (iH V P EiS^ffllNT. 

5 i ^5 X 1 O'Vcm^ V-rLtzGaNM^m^ 3 0 0 /zm-C^S^l^^ 

1^:7 T-f'T£S^i^.*bT]i:$ 3 0 0 /zm® S i K->^G a Ng^Kl 
0 1 ^f^Sy-T'So GaNSSlOKi, J: 9 tiM-fti^^^ii^^tMnnS 
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GaNmui 0 ifp^^. m.m^i o 5 o't^iiur. s i ^3 x i 

/cm3 K-7'L;tnMGaNckO'^i:5B3©^<-y-7T®l 1 3^3 /^m©M 

G aNg^i 0 1 tm3(D^<'yy tMi 1 3 tcomiz^ mmmi tmmiz 
i:^{cm3©^<«y^T® 1 1 3(D±iz, mmmitmmizs 1^5x10 

i8/cn,3 K-T'U^ Ino.iGao.9NJ:«9:^i:-S^5 >y i^g^iliM 13^500 

S i ^5 X 1 0/Vcm3 K-yU/rnMA 1 o . 2G a o . sNct 0 ^j: 
2 07t>^'X hTJ-At. S i <£-5 X 1 O^VciflS K-^I^^G 

^&:izmMMl tmWz^ S i ^5 X 1 0 ' Vcm^ K-y U/cnMG a Net 

<:^{w> T> K-^I no.2G ao.8N«l:0^d:5#pB^ 2 5^>i>''Xho 
-Ai:, T> K-^G a Net OTdTSI^M® 5 0:=i->^'';^ ha-Ai^fiJcS 
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X hu~-j^cD0mm=f^wmm. (mqw) cDf^mmi 6^fi£s$ii:5o 
ikK^ mmmi tmmz^ Mg^i x i o ^Vcm^ k-'/l^pma i o 

.sG a 0.7NJ; ijT'jrS P^J^i' yZfrni 7^3 0 ^H-^ifT. hn-A© 

^^izmMM 1 (tlnl^iC LT^ Mg^ 1 X 1 0 ^Vcms F— ^L/::pMA 1 
0.2G ao.8NcJ:<9''«i:Sl^l©)is 2 0 :t h □ — A Mg^lxl 

O^Vcm' K-yU/rpMG aNJ:^/j:5m2 0«. 2 0^>^'X hn-A 
<t 0 Itm: 0 . 4 mOjg^S^ji J: K)-tl^Dm^ ^ KM 1 9 
fiSiUx KSl 9 0±{w^ Mg^2 X 1 O^VcmS F— 7° 

L^pSGaNJ:0nn'SpM:3>iJ'^ hS20^15 O^^T^i^'X hn-A 

SJ55«^T^. 7 0 0°CTT^->J >^'L:^^, ^Jfe^aj 1 <i:|5iafC. RI 
E ct 19 © p 3 > rJ' :^ hJi2 Oi> p#J^^ y Fill 9ch^ 

Aiz^ mmmi <i:inib< ppj^iv^i^ hm2 o©x 7°'; «y 

SOJ^iS^SCN i <i:Auckt)'^i^pm:12 l^JB^b. G a NS:K 1 0 



^iz^ m 6 izTTs-t ^ z> iz p 2 i©Ma^i^< ^ pm^^^ y fsi 9 

©S i 02J:<97^j:a^^M2 S^J^^Ls C©i^ijtM2 5 LT. p 
2 1 <i:«mfi*J{iSi^b^p/N*«y F«®2 2<£-?gfi£-r^o 
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gifflmff4. 0 V-e. ^^^S4 0 5 nm©igiil^S;&-<5i^.$n> 500 
Wj 2 7 ] 

bTG a NJ; (^^/i-B^-^i^^S 0 /zmCDMJl-esJc:g$iir/::G a NS^Sl 0 
O^ffl.^-r^o dOG aNS^l 0 O^SlS^^rt{--{r-y h JSg^ 1 
0 5 0''C*t?±lfx ^•i' U T7!fX{C7K^x l^J|s|-:^'X{ZT>^--T<hTMG 
( h U pf^^l/^yU'^A) X ^*s6i^:;y'xi UTi^^ >;^;'7;^ffll^x GaNS 
151 0 0±CS i ^1 X 1 O'Vcm^ F--7"l>^G aNJ:«9?iC-5nM^<-y 7t 

c!:M^j:5WJ|54«i: *?^j:5^®0±(Cx 9 0 0 rOT©<£^acfcl^T. GaN. 
^{/^Tx 1 0 5 0°CTTMA ( h y pf ^;l/T>'l/i — 'i^A) , TMG^ T 
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iy'p >ifX^mi^^ S i ^ 1 X 1 0 ' Vcms K-:?°L/cn^A 
1 0.2G a 0 .sN^^t^^^KDM^ 4 0:t>^'X h n — AO|^Jp:T'E)c:S$ 

(nfflijTt;;^''!' KSl 5) 

^l^T. iy^ yifx^±i6^ 1 0 5 0°CTT > K-rC a N J: f^/i^B n 

It^ '/§^m(0^tr-( h'MtLxr^mL^ CaN^ I nGaN^S-gXcg^ii-'S 
C c!:*<M^ U < s 1 0 0:t>if7. h o-A—S ;am^ ^ <S>{r$f ^ b< 

OAl o.2Gao.8NJ;«9*>'h$<-r^o 
1 6 ) 

Gao.8NJ;<9 7'j:'S#pji^2 S^^i/X h n - AOMI^'CfiXS $ -^-So 
^^{ITM I 0^:yi'jt^^>fb^#SO^T|Hl— T> F-'T' I n 0.01 

hn-ACD^fi»^#^^jt (MQW) OSttS^^S $it'So iSttMli 
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^K^l 0 5 0°C{r_hlf. TMGs TMAx T^^-T. Cpz 
b^pMA 1 o.sG ao.7NJ:<9/i^ p^lj^i. 1 9^3 0 0^>^*X 

( p mtH:ii^ KM 1 8 ) 

ii^l>TCp2Mg^ TMA<£-jh26x 1 0 5 0 "CT. K^^i' -y T'^;?': 
yl/^— *^p{ft!l^-^ .y:7"Jil 7 J;«9 t>/jN$i^. T> F— :/G a N J; ^.J: -5 p 
{BiJ^7^7V FSl 8^0. 1 /zmCDJ^Ji:Tfi5oS$-arSo COSli. -gt^S© 
^T^V FMi: UTfPffl nM^fe/^/V F® 1 5 <!:|d1 b < G a InGa 

©M-ft^Kl^^^*:. F-:7'b/cM'fk4^!l^«^*J:«5/j:'S^t&^»i:^ 
Mji©#P«J: < X T>m^3 -y F«OA 1 o . 2G a o-sN J: 0 

(pffliJ:^'^ -y Fgl 9) 

^l^T. 10 5 CtT-Mg^l X 1 O^o/cms F-^b/ipMA 1 0.2G 
l^TTMAcD«;5».^±J6^ T> F-:/G a N J: 0 4 ©S^ 4 O^tv^^' 
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<ipm=i>^^ h)i2 0) 

lOSO^Ct?. P<l9^^-y Kill 9 0±irx Mg^2 X 1 0^° 

X h n-A£Di^j¥-efi£S$-li-So P#j=i>:J'i:7 h«2 OfSpM© I nxA 
IyGhi-x-yN (O^X. O^Y. X + Y^1) T'^^-r-S C i^^T'^s 
if ^ K flMg^ Y^'-ZflyfzG&Nt-ttH-i^ P«^2 1 «i:«*>$f^ bl^ 
:t- i y i7m^i)m'^tl^o t^pMA 1 vG a i -vN^^trM^S^mit© 

C^T^ M^^ffi^tta 7 0 0°CT'T-- U >'^*<£•^f pM^^4^^K-y 

{i> :*:^B^#^>;{)-<^{cajglb/c*ffl#fF^5. 3 0 6.6 6 2^C|g^$*i, 
2^^tffe^JcDT--U >^{r-D{,NTt>^a4#rF^5. 3 0 6.6 6 2-^{r§§^ 

R I E^SJwct <9*±jl©p<|iJ=i hm20 p-fiij^ -5 1 9 
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^<-y-7TMl 1 ©^®^^£jB$-iirSo ^{li $ -ti"^ C © n -y 7 r 11 1 
•Vltnm^<yy tM 1 ^ Vmt LTt^5*^^ G a NS^Kl 0 0 

^^([{r p#Jn >^ hM2 0©'; -y i^*^®CN i t A u J: ♦? -S p m^l 

i3m^fl^vMM.2 KDtiPtt L/T(i^ ^?lJ;t(^N i . P P N i / 
Au. Pt/Au. P d/A u^^^ff S C <i:*^-e#6o 

— i:^. Ti iA 1 cfc*9^i:Sn «M 2 3 ^^{5 ,i:^t±5 n ffi!l^< -y ^ r 

® 1 lOMCX h^-rrt^CJ&gJc-rSo n{|ij/<y -yr® l l. ^fcJiG 
aNS^l 0 0 t^t. L/t^:^- ^ y ^7 ±m^tl^ nmM2 3©t^J|54<hbT 
{*AK Ti.W. Cu. Zn, Sn^ In L < It-k^t^^t. 

2 5^/M>T pm^2 1 <i:mm6^t-^^U^p/^°-y Km@2 2. S-C^n/N* 
VMM2 A^'BltSLir^o Z(Dpy<^y KH© 2 2 {iHSfl^/j: p m@ 2 1 OS 
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^^I*JC^T. gi5fii«-5iE^^K2. 0 k A/cm\ |immEE4. OVT\^S^g^ 
S4 0 5 nm©Si^^@*<5tll$n. 1 0 0 0 ^P^Ki±0»^^:5^ U/Co 
2 8] 

UlTfet). SIS tin D< u-if7fe©*S:^|n]{cM^j::^|S]T:-^?^tUB^b 

1117 {C*Jl^Ts I213S.t;^|gl4 <i:|5):HlO*>© {w limit Ol^-^^^tUX^ 

■To 

UTS i ^5 X 1 O^Vcm^ K-7° G a N i «9 /j: 1 5 0 x^m 
O^ffT-fiKS^-tir/iG aNS® 1 0 O^ffiifr'So -OG a NS^K 1 0 0 

(^^ -y ^E5jh«l 3) 

TM I ^ T:^^ — T> ^Pkmij'7.\Z'y^>iJy^^m\<^^ S i ^5 X 1 Q'^ 
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/cfflS K— I n 01 G a o.sNi: <9 :^ ^ 13^5 0 0:^ 

trnMOM^ti^^#{2^. If^ L< I n G a NT-gJcS^-li-S C J: 

A 1 ^^tjmit<\Su^m^M^lz ^ ^iJ<A^€D=^W±ir^:itib^X-^^o 

tzm^^ ^ ^ n m i7 "7 y Kill 4 T> F-T'n tij^lf;:^''^ FBI 5 
(nfflij^^-^ «y7°li2 0) 

^1>TTMG. TMA, T>^—T^ ^'•^ n<|ij7fe:^''1' K 

® 1 5 <t *9 h'^O y S i ^5 x l 0' Vcm^ 

K-:^bfcnMA 1 0.3G a o.7N«i: (9 -5 ntO^^-^- •y:7'»2 0^3 0 0^ 

^(iHis^j 2 7 1 jnia{w UT'Stt® 1 6 s p ^ -j^mii. T > K. 

S±®Op#J=i>^ ^ hg2 0 pilij^-^ K® 1 9 t^^J^-y ^^iTL 
U -y vJ^fiJc^x p«lj=i:/^i> hS2 OOU -y i^«^®(CN i /A u ck ^ 

/j:;^ p«®2 1 h-^'T-rt^tJijgggU. p«M2 liii^^ft^BcDM-fb 
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-C^igU. -E:©^§S®CS i 02<i:T i O2 

mmm 29] 

^»J2 7C4bHNT. nfiiJ^N'^y 7tS1 HWJ 2 8 <h|5l1t(C 

S i ^1 X 1 O^VcmS K-'7°b/:A 1 o . aG a o . 7NM#-So;?..i: /j: S 
nm^^-j Kill 4^0. 4 /zmOMffTfiJcS$-i±So 2 7 <h 

[^MM 3 0] 

/ciD^ Y—ZfLfzh 1 o sG a o.7Nji^— ii^O. 4 //m©MI¥t?^S$-t^ 
3 1] 
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^ 1 X 1 O'Vcm^ K-rL/;feA 1 0.2G a o.sNjlO. 4 fimt-T^o tfz^ 

LTtA 1 0.2G a o.sNMO. 4 umtT^o itt>fDiZ^ nM^^'^ VMl 
5^T> V-yi no.oiG ao.99N@3 Q:t>^X hn-Ai. Si^l 
X 1 0'7/cm3 h'-zTLtzG aiNmSO:t>^'X h a-M.t^mmbfzmm 
mo. 1 2 fi mCDm^^m^ t L ^ P#i^?f7V K®1 8^T> K-7°I n 
o.oiG ao.99N® 3 0:t>^'X h o — A<i:> x 1 0' Vcm^ F— 7° 

^i'mikt-t^^iimmm2 1 tmmiz lt -■*fm=^^r?mLfz t ^ 
{Mmm 3 2 ] 

a Ng^3 O^r^^X h n-A<!:> S i 1 x 1 0 * Vcm^ K-^b^A 1 
o.osG ao.gsNJi^S 0:^>i/X h n - A <i: L/ci^Mii: 1 . 2 /zm 

0 OmiiW.±Xh'ofZo 

mmm 3 3 ] 

SIT**'?. ^®EI®<i:|5I-^?^liISI-®;£:^UTl^;So OT. dOEI^S 
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mmm2i tm\:^<. 2-f>^<f>^ (oooi) cm^^mtt^^y 7 

^20 0:t>rx h X3 - M.cDmm-CWi^-^^fz'ik^ 2^^^ 1 0 5 0''CIZ L 
ajb. ::<DG a NS3 lO^Bf::, x h yjt>i©7 h -^7. ^S-J^gJc 

OS i Oz^<ou^u.mm^ 2^0. 1 urrKomw-xm^-r^o lasjix 

SM©*?r3N- UTii. M;ti^M'fl:':r-rf^ (S i Ox) ^ m.\t^^m (S i x 
Ny) . (T i Ox) . mi\:'JJ\^:n-^L. (Z r Ox) moymit 
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G aNM^^gJcSlir-r. SSPOT^ K-^G a Nil 3 10±{rG a NM*^]! 



fwgJcS^tlTl^^G a NS3 lOM^^RIcb. ^mmS 2(D±lz^Mi^tl 



MO±lZ^S:^tl 



^J3 3 0ct 9(^> ^mms 2±izm.yomizm.S:^tLtzG aNmwi o oii. 
mmmw.±izm.m^M: Ltz^cDxitti < , mm-r^mij^^nm&^'^tzG & 
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h'-^G&NMs icDm^xmiti o'Vcm^&.±i;>:hi}\ zommms s 

m2 8tmmiZLX^ S i ^5x l O^Vcm^ K-yb^ I no.1Gao.9N 

i^C. lOSCCT-. TMG. T>^-Ti3X^mi^^ T>K-:/Ga 

TMA^iitJaLT> K-^A 1 o.iG a o.9NJi<&5^>^x hD-Afi£S 
^i+N i^t^T '>-7 >7^7'X^jIin US i ^ 1 X 1 0 '^/cm^ K— T'L^A 1 o 
.iGao.dNm'^2 0:^>ifXhu-A(DmmX^&-^-\±fzm^ S i ^jh 
i6TT> K-^A 1 o-iG a o.9N]i<£-$ t>(r 5^ V^y'X hn-ACMJplT' 
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iXi:^. nmm2 7 tnmizLX^ nm^tif^ fsis. yg-ttsie. p 

^{w, lOSO'^CT. TMG> T>^^T7^'X^^lN, T^K-^Ga 

TMA^iiJnLT> F-^A 1 o . i G a o . sN®^ 5 ^ ^i/:^ Fn-i.g£:g 
^ii-s ii^l^TC p2Mg^iiSnUMg^l X 1 O^VcmS F-^U/cA 1 o.i 
G ao.9Ng^2 0:t>^X h n-A£D|^JS-es£S$i±^c^, CpzMg^ 
ihi6TT> F-^A 1 o.iG ao.gN®^^ t>{C5^>irx ha — AOMJl 

3 ^4®g>fl:%^#{2^M<hm3 0M'fl:«B3^^i*Si;&^^n'5-'ni 

^ «y F»l 

BJcU^ — IJ^" P ffllJ =J > ^ ^ hS2 0©'J -y >^*^®{Z*> p«:^2 1^7. h 5 

tc^. mmm2 i (D^coizit^iyxmrnx^ mm^m. mmxis^Jti 
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0%l£Tbx 0 5 nmCDmm^&m^lt^ 2 0 0 o^m&i±com^ 

^^^LfZo ZtHtG a NS^l 0 0 lzm^{KmOii>fll.^^<D^^m LfzZ 

m-tizit. mm^us o^^mms 2iim^-t^zt^-s!^'c$>?>o 
/^¥i'^mmtitr^ m'^<DT> v-ztg aNm^2 0^>if:^ v^-^^t^ 

S i ^1 X 1 0»«/cin3 K-^U/cA 1 o . i G a o . sNii^S: 2 0 ^ > h 

iir-rCs T> F-^G aN®^2 0^>i?';^ hP-A<i:> Mg^lxlQ 
2Vcin3 F-^b^A 1 o.iG a o.9N«^2 O^tV^X hu-At^mM 
^Mff 0. 6 /£mO)S*S?^jg<i:-r5fte{i||Jfg^J3 3 iltji^tl UT U — If 

mmm s 5 ] 

^Sfe^JS 3 Cfcl^T. nm^ ^ y Vmi A'^^&^'^^m.. Si^lx 
1 O^VcmS F-T'U^G aN®<£:2 5^>^Xha-I.t. T> F-'iT'A 
1 o.iG a o.9N®^2 5:^->rrx h n - A i^sSSC^S S^MIi:0. 
6 /imOiS^^^iKiti'rao — P#J^5 -y FMl 9^^S$-yr^^t>x 
Mg^l X 1 O^VcniS F-T'L/cG aN;i^2 S^ty^^'Xha-Ai:. T 

F— "TA 1 o.iG ao.9N»<£r2 5^>rx h A t 
^miPO. 6 ;t/m©iSt&^^^«i:-r5flk{i^Jte^J3 3 t^mizLXl^ — lf 
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immm s 6 ] 

1 0> Vcm' h^-^LfzG &Nm^2 5^>^^ hn-Ai, Si^lxl 

1 9^fi5c:g$-ti-^^t>> Mg<&l X 1 0 ^Vcm^ h'-Zfl^tzG a N®<£-2 5 
hD-Ai, Mg<&l X 1 O^Vcm^ K-:rL^A 1 o-iGao-sN 

X 1 O'Vcm^ K-yU/cA 1 o . i G a o . sNJi^ 0 . 6 fimCDrnW^^^-^ 
iirSo — pffiiJ^^ KM 1 9 ^fifeS^-y-^^ll. Mg^l x 1 O^^V 
cm^ K--r b/::G a Njl<£-2 5:t>^''X hn-Ai:. 1x1 K- 
:7"L//cA 1 o.iG ao.9NjI^2 5?i->i5''X h n - A t ^55SCfg® ^ 

10 0 oi^r^;ii±o*^^^b^o 
iMmm 3 8] 

(S*^— ) ib. nffiij/<«y -7 r)ll l^^S$-fr-5^{Z, Si^lxlO" 
/cm^ K-T^b/cA 1 oosG a 0.85 Nil 5 0:=i->'i^'X ho — Act. T>K- 
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nmms 3<D^(Dizit^\^x. hm^^^^^tu. *^(i3ooo^P52i 
[^is^j 3 9 ] 

MMmS 3lwfcl^T. n#J:^-5 KM 1 4^T> K-^G aN®2 O^i" 
Vi/X hn-At, S i ^1 X 1 O^VcmS V'-zTVfzA 1 o-iGao sNM 

Mnm^:^^-f Kgl 5^S i ^1 X 1 O^VcmS F-T'U/^G a NM2 5 
hD-A<i:. T> K-'T'A 1 o osG ao.95Ne2 5;^>iJ''^ ho 

— P#J^:^V K«^>. Mg^l X 1 O^VcmS K-yL3tG a N®2 
5^>i/;^hcr-A<J:^ T> K-:/A 1 0.05 G ao.95Ng2 5:t>i>'X h 

Pilij^^ FMl Q^TV K-^G a Nji2 0^>i^X hn-Ai. Mg 
^ix 1 O^Vcm^ h'-yi^fzA 1 o.iG ao.9Nji^2 0:t>irx ha- A 

mmm 4 0 ] 

nmm4 on. mmms 3 trnm. g ^Nm^^i 0 o^mi^xm^i^iz 

■r^.£^*.. ^MI?iJ4 0©U— tf^^ti. ^S£^J3 3 <!:liafC:@^$n^ 
^©G aNS^l 0 0O±(lS i ^1 X 1 0'Vcm3j£l± F-^ 
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25 



i ^ V-ZfLfzA 1 xG ai-xN (0<X^0. 4) il)^>^-fS.^m^^m t b 

3^HM*. TMG. TM I . T>^-T^ iy=> Vt^'xTx S i ^5 x 1 0 

Vi/x ho-A©M»:T55cS$-li-§o dpi? 5 y E:^ihJi li I n^^trn 
M©g^t«^^^i2^. Jft U< li I nG aNT'fiJcS^-yrSCiCJ;^). 

<i:*<-e#^o ^.irfcw©^:^ -7 y ^EJjLMIi 1 0 0:t ^iJ^'X h n-AJ2(±, 0. 
5 umi^T(DmmX'm.M:^it^Zti)<itf^ bC^o 1 0 0:t>^'X h D — A 

i^l'^Tx 1 0 5 C'CTTMA. TMG. T>^^T. >';^'X^ffi{,>x 
S i<^-lxlO'Vcm3 K-yu^cn^A 1 o . 2G a o . sN j: ^ t^J 4 
0^>rJ^X hn-Ai^ T> K--/CDG aNM^4 0:t>^'X hn-AO 

(hLTfFfflUx T>K-7^©fife. nM:7^^sfi«^^ K--7°bTfe^l^o tfz:i 
0®^G aNi:A 1 G a N*^^/J:SiS>|^^^ i-^'S C i ^>T'^ -So 

<i«:{Z, T > K--:/ I n 0.01 G a 0.99 N J; ^f£^'}S^m^4 0 O^V^J^'X 
b D - A CD mm T'SJc:S $ -i^ § o 
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::^^^.^Mg^lxlO'Vcm3 K-7°L/;pSA 1 0.2G a o.sN J: Onc-S 

«<&T> F-7°®M^t'^^^{*:ct«?7:j:5igtS^®<»:-r§^il>T'#'5o m 
/jN$<-r'5o 

^O^TMg^•l X 1 O^VcmS K-yb:fcpMA 1 0.2G ao.8NH^4 
0:t>:J''X hn-Ais T> F-:7°G aN^4 0^>^X ha-Ai^S^ 

pi|ij^5 >y Fji©±{C, Mg<&l X 1 O^Vcm^ F-7°U:^p 
MGaN^kOncSpM^ ViJ^i^ hii^l 5 0^>^'X h o - AfDMH^T'Efe 
S^-ltSo ^i^U--^m^(Dm't. A 1 G a N^^tre*&?:Kit® pfiiJiJ' 
^-y FiiCgLT. F^i- y yjiTWl/4^-0/J\$(,AM'fl:'g3^^(*^P 

hjiibT. -^Ollff^S 0 0^>^X hn-A2iTci:^< L 

^iSf t ^ «y ^*-5^ib>tlT. ^^OB9ffi«^> mE*-^{&T-r'5<i 
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^ita^NpfFUs, 3 0 6,6 6 2^izm^^ti^ :^mmmcoT—- v ^nz-^ 

. l^Tfc^@#fFm5. 3 0 6.6 6 2mzmm^titz-:^m=^mi^^x^<fr)o 

=i>:$'^ hM©^®^^ai$-lt. T i <i:A 1 J: «9 /j: ^ n h ^ 

t^{wBs)<:-r'So — P f fJ =1 > ^ h^© U -y v'ft^SCliN i iA u J: «9 

i^*<^t.n'Sm^M*4<h L/T{i> «?IJ;t{^N i , Pt. P d. Ni/Au. 
Pt/Au, P d/Au^^^lf i^^T^-So nMG a N iiSF^ Ul^ 
^ -y i?*^$i^>n5m@*^3H4c!: UTJiA K T i , W. C u. Zn. S 

mz^ prnw^t. n'm.i^tomizmtiii^tzmit'^^^mPf^mcDmimizs i 
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^gtr*^O^T. l§Mm2iS^J^2. OkA/cni\ |iiMmE4. OVT. 

6 8 nm©^^^S*-«ii^.$n. 10 0 O^TSW.±(Dm^=^yr^Lfz 

immm 4 1 ] 
CTmms 0 2) 

2-1' >5^0x cm^^^t-r^-ty T <i:o-^i^mmm^3 0 1 

^2. (TMG) . 7>^-T (NH3 ) GaNct*9ni:^^<-y:7r 
m^^Wi^ 0 5 0°C{wLT. |d1D< G aN.t t^n^^TifeSS O 2 

(i^SM3 0 3) 

Ttte® 3 0 2 gJc:^^^ 't7i-^^^KlS^f5*^t>5X0tiiL. :i©T§feM2 
^-rritil 0 /:m. X h5-r:7°r^ll C^^gg) 2 ;um©S i O2 JilJT'i'S^ 

mm3 0 3^1 A^mo^m-Tj^fiic-r'Bo 

(M-fk^^^i*^® 3 0 4 ) 
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aNJ:*9'^j:^M^t«^^»(*g^3 0 4 ^ 2 0 /imOMHT^S^-lirSo fig 

^ ^ © m fi [sj ± -r ^ c 

cDM'fb^^#i2f:ji4 0±CS i ^3 X 1 O'Vcm^ V-z^LtzG a N^O 
f£^nm^<yy tMS 11^5 umcomm-^'^&^'^^o 

c^'y ^m±m3 1 2) 

^{klZ^ TMG. TMI ( h U ^ 5^;V-r A) , T>^-— T^ffll^, 

iagf^S 0 0°CC LT I no.oeG ao.84N.fc«9 7^<5:^^^ ^ !5;&jhJi 3 1 2 

(nffliJi^ ^ KS3 1 3 =jS^?^®) 

i^l'^T. 1 05 0"CT-TMA. TMG. 7>*^Ts i^^ >:^^y^^mi\ 
S i^l X 1 0>Vcm'»K-:^b:tnMA 1 o . i e G a o . s^N J: ^) /a' 5^ 1 

A^±fe, T> K--roG a NiO 7^=1:5^2 2 5^>^'x hn-A 

ji"!) izm^^pm^^m^Vs i^mmi. 2 umom^^xioti^nm^ 

=y -J KJiS 1 3^^S^iir §0 - ©jS^&^J; 0 5 n i|iJi^ 5 «y KSI^A 1 
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(n«7f7V KM3 1 4) 

iiil^T. >:^'X^jJii6. 1 0 5 0''CtrT> K-7°G aNetOnsi'Sn 
{|iJ3fe;^V KM3 1 4<S-0. 1 fimCDmm-C^&^it^o 
(S^eS 1 5) 

TMG. TMK T>^^T^ffll^^g&®3 1 4^^S$-&'5o 

(MQW) ©Sttil^^g$-ii-5o 
(p#J4^-\' -y :rJ13 16) 

i!kl^. Um^l 0 5 0''ClZ±lf^ TMG. TMA. T>^-T. Cpg 

7 F^^i- Mg^ 1 x 1 0 ^Vcm^ F 

-7*b^pMA 1 o.sG a 0.7N ct «9^j:'i> p#J^i^ -y^jiS 1 6 ^ 3 0 0 :t 

ipmyttf'^ h'MS 1 7) 

^l^TCp2Mg, TMA^±i6, 1 0 5 0"CT:\ ^0 F4^+ ^jc^ 
/l/^^-^^ptO^^i' 'y^SS 1 6 «t *3 *>/h$l,^. T> F--7°G a N J^O^C^ 
pft'J^>^7-V FM3 1 7^0. 1 nm(DmmT'^M:^i±^o 
Cv.mi7 3 y Fjl3 1 8) 

^^^T. 10 5 O-CTMg^l X 1 0 =^Vcm2 F-^U/cpMA 1 0.1 6 
^l^TTMAcD;5»-^±^6. T> F--7"G a N J: /jiS^ 4 CD^^S- 2 5 ^ > 
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(pM=i V^J' hjl3 1 9) 

S^iw. 10 5 O^CT. pffi!!:^^ y KM3 1 8®±{i. Mg^2 x 1 0 

@3 2 0^X h^^-7°iyt{i?^ggb. -yj^ Ti iAl cl:^n£^nm@32 
2^5feiti:^ai$-ti:/;:n<Bik<.y7r®3 1 h^-i^mzm^ 

*fe«tM3 2 3^i^L/Tpm@3 2 0 tmm.^izmmi.fzpy<y vmms 2 
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Appl. Phys. Vol. 36 (1997) Lfc t>©{lJ±^ LT. llilM*nO% 

[^Jte^iJ 4 2 ] 

^Jte^J4 l{C4bH^T^ n{|ij^-^.y KliS 1 3 <&fi£S$-a:<S^C, S i K 

— ynMA 1 o.2oGao.8oN2 5?^ V^Tx ha — At^ T> K— 7°G aN 

nmi^3y V m it A \ W-i^U-^i)-^ I 0 , O^T^-SO-e. 
■ 4 3 ] 

^*te^J4 1 C:fo^^T. nffiiJiJ'^ >y KM3 1 S^fiJcS^lf'SISg^C. Si K 

— ZfuMA 1 o.2oGao.8oN2 S^^^X ha-Ai^ T> aN 



113 



wo 98A31055 



PCT/JP98/0002S 



mmm 4 41 

mmm4 llzis{,^X^ ntJ^J^^ ^ FMS l 3^fi£S$#^I^C Si K 
-7°nMA lo.i2Gao.88N2 5;^>:/;^ hn-Ai. T> F— aN 

STife^o -® U — 1f^T{iJpn. J. Appl. Phys. Vol. 36 (1997)JC^^ 

mmm 4 5 ] 

-7"nMA 1 0.07 G a o.93N^2 d^t^'TT. h^n-At^ T> K— 7"G a 
NH2 5^>i?*X h n-Ai^. ^^1^)11. 4 /^mT-g5cS$ii:^ffe(l|Hl^ 

«?>J 4 4 ® © <i: {3:{SP^O'!ttt<£:^ by::o 

(^mitm^mt^mxm^^tixi^^(Di3<mnx^r>tzo u*^u. 2^:^ej© 
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^-9-7 T-TTJiPS^-r. M'fti^^*{2^«k'9 t>jS?ir^©^h$t>s 
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5fe © - H 



5. lUiSA 1 ^^trM'fb^^^f**^ 5S;A 1 yG a :-yN 0< 

6. f^JiSjS*S^®(l4oC^T. HUlEHlOg^^sCI nxGa,-xN (O^X 
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^1) X'mi-^ti^mitm^^mi^i}^^tiO^ ;{?^-:5Bfifem2©«*^5CA i yG 
ai-vN (o^Y^i. x=Y9to) -cm^ti^mitm^^mi^ib^>bf^^m 

7. ijiSjS1S?®{w*JC>T^ |ijlSmi©M*^xS:i nxGai-xN CO^X 

a,-yN (o<Y<i) r-mi-^n^m^tm^^mwtf^ihfi^m^meiztim. 

11. liJiB^p#J=i >^ i> hjl©MJi:;&^$ ^>{c^ 3 0 0;=r ^^'X h a- 

:^IS:^ll 1 T^M 1 1 ©rt©{'^^*tL;{?> liI{CiStgOM'fbi^^S<*:^To 
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14. mwE.m.2(Dy<y Z7 7m(D^m.<^Mmi}\ tJflE n ilij =1 > ^ i> h S {I 

(hi— M»i 0 o^>irx hu-A}^T(Dm^izm.s!SLi}<mf£^mit 

©rt©t^■rtl*^ 1 ii{iisife©M-fbi^^^'f*^^o 

1 8. SijiSBi ©;is.Df|iji2^2©ji{c K-y$n/c.^®©^mM^ 

n SXIi P MClS^-r '5:^^»6^i^©MJS;i>^•Sl^C^ni: Sit 5^11 3 Jbm 1 6 © 

rt©^,^-m*^ 1 I|{Ci2«|©M'fbi^^#f2|i^^o 

^$tL7tz <h<&#mi:-r'5iS5feii3 7i73gi 8 ort©l^•rn*^ 1 lit'isife© 

* 

^fzu—^^mm^-^'^-yx^ 
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fzm^^ 1 ~ 1 9 (ono 1 -oKmm(Dmit^^mw$^=?^o 

2 1. n #i ^ "7 KM^^ii- n #m{l'J©^^i*M^ i . p fill 5 7 
'fb^l^!l4^#{^^*^ ^i: 5 m 1 ©Ji <h . 1 O « i Mfi£>6^^7^j: «9 1 0 0 

5fe^2 1 J::iem©S^bW^($^^o 

2 3. iJnt2\^±com^t<^^mi^mi^^fi^nmmm(D^^mi^mmt 
■wm t ^mm ^tixf^^n mm^^m x^^zt t-r^h M-fb^^^ 
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2 8 . SiJiSH 1 (Dm^t<^^^mWm(D n M^T^^E^^^S*^ l x l O ' Vcni3~ 
1 X 1 0 ^Vcm^olEfflC*) <9x :il2©M'fbi^^^i*jiOnM^^i^^J^*^ 
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1x1 o'Vcin3jeiTT*5it:^ii2 6Xit2 lizmomitm^^mi^m^o 

3 0. f!jieil2©MM^^i*Ji{cfec^T. fuiS^ 1 o^'fk«^^*'f*« 

3 1 . |tjE0 1 omit^^Mi^m <D n MTJifii^^iS*^ 1 X 1 0 ' Vcm^iii 
TTfet)> MiSII2 ©Mjb^^*i^^jlcr>nM^*!fi'i$5MS*'<l x 1 0 ^ Vcm^ 

~i X 1 0'Vcm3ofEfflT'*^isjfcig2 9Xii3 0 lemoM-fb^^^^^*^ 

3 2. mi^^lomit^^mWMiiA I yG a.i.YN (0<Y<1) *^'^> 
^l^. m^m2 om^t^^mfl^m it I nxC ai.xN (0^X< 1) *Mi^<C 
^Ih^i12 6 '-'3 1 ®9-^oiocfettOM'fti|^^^{:^^^o 

3 4. miZni<Dmit<l^^m^mitA \ xG a i-xN (0<X<1) 
t'a^n BUie^2®MM¥^f*:JiliA 1 yG a 1-yN (0 <Y< 1. X>Y) 
i)^^tA^mik^2 6~3 1 ©9 •e>0 Io{ci2«fe0^^ti^4^^'t2^^?^o 

3 5. lulEHl ©M'fb2^^^f*:JiX{iHrjieil2©^'ft^^^#{2^®{C|j:, 
nM^|ifi«g3*'< K-7'$nTl^nj:i^lt^JI2 6 — 3 4 O 9 ^>©l^^tL*^ 1 o 

114 oM-fbi^^^^^/ict t);'^#u^<> K4^-f :/^TWi/^"-<i:|tjiem4 0 



121 



wo 98/31055 PCT/JF98/OO025 

4 1 . fuiem 3 ©M^kl^U^^^^^ji O p 1 x l O Vcm^ js^ 

TT^*)> ^4©M<b^^*{*ji0pMT^i^ii^*n X 1 O^VcmS—l 

X 1 0'VciD3(DiafflT'*>'i>it^^3 9X{i4 OiSll®M^b«K3^^{2t^^^o 
4 2. Iul2^3 ®M>fb*^^^f*®{iA 1 yG a 1-yN ( 0 < Y < 1 ) t> 
^iOs BtIiBII4 ©M^b4^^^i*:)i{i I nxG ai-xN (0^X< 1) 

sit>^ii3 6 — 4 1 (o i> %(D i-Dizi^mom^t^^mi^M^o 

4 4. ItiiemS ®M'fkii^^^{2^S,(SA 1 xG a ,-xN (0<X<l)*N«i 
^j:l9x fuiSII4©M^k«!^^*(*M(iA 1 yG a 1-yN (0<Y<1. X>Y) 



122 



wo 98/31055 



PCT/JP98/00025 



11112 p^|IJiS^S^i■{I:fo^^T. llii2ll3©M>fb«^^^i2^M{ix Buism4© 

4 7 . fuie^ 1 <Dm^t^^^^i^m<D n M^M^^^^S*^ l x l O ' Vcm^— 
*n X 1 0 ' VcmSjeiTT*. *9 

fijis^ 3 om^t'^^m'WmcD p M^^ifeis;^*^ i x i o • vcm^^ i x i 

Bui£p{|iM*&?ji(c*JiNT. ltjie^3©^>fb^^*|*M{i. 11112114© 
^imwm cfc *5 $ t ^ p m:?^^!^2SS cb ^ Wr ^tt^tc^ 2 5 l2«©M^b w 

4 9 . BuiS^ 1 com.it^^^^WMao> n M^*i£«^^S*-< 1 x 1 0 ' Vcm^— 



123 



wo 98/31055 



PCT/JP98/(M)025 



*9 . 19 . ^4 cDm.it^^^mi^m(D p M^^sE^gj^is^*^ i x i o ^ Vcms— 

1 XI 0 2VciD3o|gffl-c^^ff^j|4 8 IBil©M'fbi^^##:^^o 
5 0. IuiSn#J^*S^®iC:te(,^T. luiB^ 1 OM-ft^^^^^Jlli, ftjlg 

5 1 . iJie^ 1 OM'ffcii^^^^*:®© n M^^ifelMl^*^ 1 X 1 0 • Vcin^J^;^ 
cm'— 1x10 2 VciD^CDiESlT-^ <9 

msE.m3 (Dm<t'&^^mt^m(Dpm^m'i^^Mmi}<lx i o'Vcms—i x i 
1 X 1 0 2Vcm3OTT'*^i*5^ii5 ommcDmim^mi^m^o 



124 



wo 98731055 



PCT/JP98/00025 



5 3. Btli2^ 1 (Dm<t^^^mi^m(D n M^^i^^g^*^ 1x10' Vcm^;^ 

TT & fuis^ 2 (Dmit<^^mi^m(Dn m'^^^^^&mt^ i x i o ' v 

cm^-- 1 X 1 0 2 Vcm^CDlEli-e^ t) 

. 1^ 4 omit^^^mwmo p M:^^ti^^K*^ i x i o ' vcm^— i x i o 

5-4. Bui2nil!li@*&^jl{ctJl>T. mllS^l ©M'fb^^^i^Sti A 1 v 
G ai-vN (0< Y< 1) 1015^2 ©M^ki^iiiS{2^S{i I nxG 

ai-xN (0^X<1) 

f^Ii2p^||JiS*§^S^cfc^,^T^ miens cDH-fk^i^^^^^jiiiA i YGa,.y 

N (0< Y< 1) Wi^m 4 omit^^mi^mii I nxGai-xN 

(0^X<1) ^j: S ii^ii 4 6 ~ 5 3CD9 *>CD l-o{cietg£D^{l:4^^ 

5 5. fuieil2 <i:n4©^'fl:'B!J^S(*:^?^*-^*-€rtl-e4a. GaN*^b>ni:5 

tts^ii 46~53©'5-&oi ocieigog-fbJ^^^ij^^^o 

5 6. lui^n#Jig*&^a{C*5C^T. luiEB 1 ©M'fbifel^^<$:jiliA 1 x 
G ai-xN (0<X< 1) *Nb>/<j:«9. I^Ii2m2 0S>^b^^^#^$:ji{iA 1 yG 
ai-yN (0<Y<1. X>Y) ib^ihtlt)^ 

fui2p<lIJjSt&^S{wfcl^T. mizmsom^tf^^^mi^^MitA i xGai.x 
N (o<x<i) t^i^tit). miE^4cDmim^^m^^m^tA I yG ai-yN 

(0<Y<1. X>Y) *^t>nC'Sli5^il4 6~5 3©9 t>©l-^(::iEig© 

5 7. mi^^i(om^t^^mi^mxitmsE.m2omitm^^mwmiu n 



125 



wo 98/31055 



PCT/JP98/00025 



5 8. ms^ms(Dm.^tm^^mi^myLitMid^4om^t^^m¥^mit^ p 

5 9. luieSftS*-? I n G a Njl^^ti>ii^ll2 3-^5 8 ^>®t^-r 

6 0. BuiS I n G a NmiJ^M^^pmX'^^m^mb Qi'd.Mom.it^^^ 

1015 P ri' 5 y K® i fufg n ^ 5 -y Ym(Do% (D'pfl < <i: t>— 
BtjEn{|iJ.jS*S^JiXliiIiep{aiJ®*S?Ji-C^v5if5^i|2 3 — 6 0© 9 

0. 1 // m^aZTOM-fbi^^sii^ck O^jr^S^-^- -y :/S*^?^fife$n. ^^i—y 
:/l©:?^^i^^Jg*-< 1 X 1 0 ' Vcm^K^i^-r ^> sit*]® 6 2 Xii 6 3 i2«go 

6 5. SuiS3t^'^ K® <ttuiS^+ y •7"ji<i:*^p^«#JM'fti^^^i*jlfiiJ 

126 



wo 98/31055 



PCT/JP98/00025 



6 6. m.^t<^^^mwtitmf£^un^^fi^mmmwL±izmit^^mw 



69. ftjiEnffiiJ;?-5 -y K®©Ji:$3i>-«0. 8 //m^i^JbT^ luien^J^ 

70. fUienfiiJ^^ .y KM©Ji:$*n. O ;umlilJLT-^«9. luienfflHj^ 

^ -y K^c^^n-sA 1 ©¥ifejmfi5o*^'5%2i±T'*'5fi3)tii6 8iem©M 



127 



wo 98/31055 



PCT/JP98/00025 



73. gulB p ^ -y K®*n. 0 /zm<i: *)^l/^it5fcii7 2iBife©M'fb 
7 4. tiji5n#j^^-y F ji i p fflij :J7 5 Fii©> Bui5S&ji^^t:JiO 



128 



wo 98/31055 



PCT/JP98/00025 




1/9 



wo 98/31055 



PCT/JP98/00025 



loro 

CM CM — 




CM 
O 
CM 



2/9 



wo 98/31055 



PCT/JP98/00025 




S 2 2 t' S2 



ro 
to 

CM 



ro 
O 
CM 



O 
O 



3/9 



wo 98/31055 



PCT/JP98/00025 




4/9 



wo 98/31055 



PCT/JP98/00025 




5/9 



wo 98)31055 



PCT/JP98/00025 




6/9 



wo SW/31055 PCT/JP98/00025 




7/9 



wo 98/31055 



PCT/JP98/00025 




8/9 



4 



WO 98/31055 



PCT/JP98/00025 




9/9 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP98/00025 



A. CLASSIFICATION OF SUBJECT MATTER 
Int.Cl^ H01L33/O0, H01S3/18 

According lo International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* H01L33/00, H01S3/18 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsiayo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-1998 

Kokai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 



Electronic data base consulted during the international search (name of data base and» where practicable, search terms used) 
JICST 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P, X 



JP, 05-110139, A (Nichia Chemical K.K.)/ 
April 30, 1993 (30. 04. 93) (Family: none) 

JP, 09-116234, A (Sony Corp.)/ 

May 2, 1997 (02. 05. 97) (Family: none) 

PROCEEDINGS of The Second International Conference 
on Nitride Semiconductors (ICNS'97) (1997), 



1-6, 8, 9, 
17 , 21 

1, 2, 4-7, 
12 , 17 

1-74 



S. Nakamura et al. 



Present Status of 



InGaN/GaN/AlGaN-Based Laser Diodes" p. 444-446 

PROCEEDINGS of The Second International Conference 
on Nitride Semiconductors (ICNS'97) (1997), 
T. Shibata et al . , "Hybride Vaper Phase Epitaxy Growth 
of High Quality GaN Bulk Single Crystal by Epitaxial 
Lateral Overgrowth" p. 154-155 



66 



I X I Further documents are listed in the continuation of Box C, | [ See patent family annex. 



"A" 

"L- 



Special categories of cited documents: 

document defining the general stale of the art which is not 

considered to be ol particular relevance 

earlier document but published on or after the international filing date 
document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (us specified) 

document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



"X" 



U It 

& 



later document published after the international filing date or priority 
date and not in conflict with the applicution but cited to understand 
the principle or theory underlying the inventioo 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered lo involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to u person skilled in Ihe art 
document member of the same patent family 



1 Date of the actual completion of the intcrnationul search 
April 7, 1998 (07. 04. 98) 


Date of mailing of the international search report 

April 14, 1998 ( 14. 04 . 98) 


1 Name and mailing address of the ISA/ 


Authorized officer 


1 Japanese Patent Office 




1 Facsimile No. 


Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Internahonal application No. 

PCT/JP98/00025 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevani to claim No. 



PROCEEDINGS of The Second International Conference 
on Nitride Semiconductors (ICNS'97) (1997), 
H. Matsushima et al., "Sub-micron Fine Structure of 
GaN by MOVPE Selective Area Growth (SAG) and Buried 
Structure by Epitaxial Lateral Overgrowth (ELO)" 
p. 492-493 



66 



Form PCT/ISA/210 (coutinuation of second sheet) (July 1992) 




Int.Cl* H01L33/00 
Int,Cl" HOIS 3/18 



srfTofcft/Mss»Jt£f m^^m^^j^m ( i pc) ) 

Int.Cl** H01L3 3/0 0 
I n t . C 1 HOIS 3/1 8 



B *:!l^fflSf^^ffi 1922-1996^ 

n:^m<£kmmmmM^^n 1971-1993^ 

B :!¥^m^m^mm^<^n 1994-1993^ 

B^tcH^^^^^g^^® 1996-1998^ 



J I CS T 



C, 



1 ^irnxmo) 






1 X 


JP, 05-110139. A (B ffi-fki^XlltSfe^^tt) 
30. 4^, 1993 (30. 04. 93) {-7 7 ^ V —^J:l.) 


1-6, 8, 9, 17, 
21 


P, X 


JP. 09-116234, A (y |5fe^#tt) 

02, 5^, 1997 (02. 05. 97) (-^ t ^ V — ^J: I.) 


1,2, 4-7, L2, 
17 


T 

1 


PROCEEDINGS of The Second International Conference on 
Nitride Semiconductors (ICNS' 97) (1 9 9 7) , 
S. Nakamura et. al. Tpresent Status of InGaN/GaN/AlGaN-Based 
Laser DiodesJ p. 444-446 


1-74 



13 cm<Dt7t^\^h:scmmm^thX\^^^, 



r&j [wi— /■?7^>^h:77 ^ y — 5:Sft 



0 7. 0 4. 9 8 



1 4.04.98 



^^mm^rf ( I S A/ J P) 

100-8915 




3-^ 



:iSS-^ 03-3581-1101 P^«| 3 2 5 5 



^itPCT/ I S A/2 1 0 (m2-<-v^) (1 9 9 2^7^) 



PCT/ J P 9 8/0 0 0 2 5 



PROCEEDINGS of The Second International Conference on 
Nitride Semiconductors (ICNS* 97) (1 9 9 7) . 
T. Shibata et. al. THybride Vaper Phase Epitaxy Growth of 
High Quality GaN Bulk Single Crystal by Epitaxial Lateral 
OvergrowthJ p. 154-155 

PROCEEDINGS of The Second International Conference on 
Nitride Semiconductors (ICNS' 97) (1 9 9 7) , 
H. Matsushima et. al. TSub-micron Fine Structure of GaN by 
MOVPE Selective Area Growth (SAG) and Buried Structure by 
Epitaxial Lateral Overgrowth (ELO) J p. 492-493 



66 



66 



^S:PCT/ I S A/2 1 0 (^2^— i/t^if^^) (1 9 9 2^7^) 



